'6 as that soul was whose progeny they are, nay they o prebeivo as in a 
9 purest efficacy and extraction of that living intellect that bred them 

— John Milton 
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G L , a Kill, aj^cd thirteen m and eleven months, was opcialed upon luno 2G, 1939 (The age 
of ( aeli ))atient leiiusinls tlie age at the time tlie hist loentgenogram was taken ) A minimal 
amount of slijijnng liad oceuiied J’lie nail was lemoved nineteen months aftei operation Seven- 
jear follow-up 
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Fig 1 

\ ulul 111 Kiln 

G L , II Kill, lilted thirteen m and eleven month'), \\n.s opciiiled uiion luno 2G, 1939 (The age 
of ( aeli ))atient leiiusinls tlie age at tlie time tlie hnt loentgenogram iias taken ) A minimal 
amount of slijijnng liad oceiiiied J’lie nail was lemoved nineteen months aftei operation Seven- 
jear follow-up 

* Riad at tlu Joint Meeting of The Ameiieaii Oithopncdic Association, The British Oithopaedic Asso- 
ciation, and 1 he Canadian Oi thopaedic Association, Quebec, Canada, Juno 3, 194S 
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Fig 2 

Nailed after epiphyseal osteotomy 

(The term “epiphyseal osteotomy” is used to designate the procedures of arthrotomy and 
osteotomy tlirough the epiphyseal plate, pnor to reduction ) 

E, W , a male, aged fifteen years and three months, was operated upon September 22, 1942 

{Continued on fage 3) 
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Nulled lifter cjrriihj seal osteotomy 

J iS , a male, aged frfiti n jears and five months, wres opeiated upon October 30, 1045 In loent- 
gc nograms taken Novembei 21, reduelion rs satisfactory, but thcie is a large defeet between the 
head and neck from iimie eessary e\e isioii of part of the neck On Novembei 4, 1947, the defee I had 
completely filled in 
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Nailed after epiphyseal osteotomy 

S G , a male, aged tlurteen 3 '^ears and three months, was operated upon February 16, 1946 The 
marked shppmg present on February 2 is seen to be satisfactoi ily reduced on April 3, 1948 Localized 
bone atrophy appeals at the lateral supeiior aspect of the head in the anteroposterior view of April 3 


tieatment bj'' nailing in fift 3 ''-one cases of slipped capital femoial epiphysis A loentgeno- 
giaphic suivej'' of those cases is now piesented 

The aiithois lepoited a study of thiity-one patients, foui with bilateial involvement, 
this lepiesented a total of thiitj'^-five hips, nailed in situ because the amount of slipping had 
been less than one centimetei Aftei an aveiage follow-up peiiod of thiity-two months, the 
aveiage mde\ of motion was 90 pei cent of noimal, and the aveiage peicentage of normal 
hip function was 96 

Deteimmation of the index of motion, as stated pieviously by the authors®, is as 
follows 

“As in oui pievious lepoit®, function of the hip was appiaised by designating a factor 
for each motion accoidmg to its impoitance The amount of demonstiable motion is multi- 
plied by this factoi to give a product foi that paiticulai motion The sum of these products 
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Xailtd after oiHidijscal ostcotonn 

H G , a iiiiile, a^cd tliirtcLii juirs and «cvcn months, was ojiciatcd upon May 20, 1944 Marked slip- 
pmn ih dLmon‘-tnd)lo in (he roc ntnenoKrams of M ij 13 Follow-up views four jeai-s later show good re- 
duction I^ocahrcd lioncatrophy aiijit ircd it thcantcrioi supeiioi aspect of the head follownng operation 

rcpicsents tlie ‘index of motion ’ * An exiimplc of the use of the index of motion in a specific 
c ive follows 



Motion, 




Degrees 

/' actor 

Product 

Idcxion 

145 

0 4 

58 

Aliduction 

45 

0 4 

18 

Adduction 

30 

0 2 

6 

Rotation 




Internal 

30 

0 2 

6 

External 

60 

0 1 

6 

Extension 

10 

0 1 

1 
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rs iiltd jitci opiphxsLil osltotoim 

W R. , a male, aged fouiteen j eais and eight months, was opeiated upon Apiil 7, 1945 Theie was 
maiked slipping imtiallj , w hitli w as reduced satisfactoiii} The nail w as removed on December 1 1 
C.ilcification appealed in the intciioi cVpsulc follow’ing opci ition 
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Fig 7 


N iikd iiflt I LjMphjsuil osteotomy 

1{ I’ , a mah , a^eil tliiili lii j( us anil tliia months, was opeiated upon May 21, 1915 The ini- 
tial films, t ikin Ainil 20, 1915, show maikcd shpiHiig On August 31, 1916, following replacement 
of the head, a inomment defect was visible, both supeiioily and mfeiiorly, at the junction of the 
femoral la id and neck On Ajiiil 10, 1948, the defects had laigely filled in, with virtual restoration 
of noun il smooth contours 
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Fig 8 

Nailed after epiph 3 '^seal osteotom}’^ 

M W , a girl, aged tiielve years and ten months, was opeiated upon May 1, 1945 In the roentgeno- 
grams taken on April 26, slipping i\ as marked On December 23, 1947, reduction n as satisfactory 

“On this basis, the index of hip motion was then computed foi the affected hip as 
compared mth the sound hip Since such an index of motion does not include pain oi limp, 
we assigned equal value to the index of motion, absence of pain and absence of limp, calling 
the average of these the peicentage of tiue normal function of the hip ” 

The roentgenogiams taken at the end of a seven-yeai follow-up peiiod (Fig 1) indi- 
cate the results that can be expected fiom nailing tn situ, when the minimal amount of 
slippmg is detected early Eaily mobilization and active iveight-beaimg on dutches 
withm two or three weeks aftei operation piomote pieseivation of the physiological func- 
tion of the hip In this series of cases, in ivliich nailing was done in situ, tiaumatic aithiitis 
or aseptic necrosis of the femoial head has not occur led 

Sixteen patients were reported with maiked shpping (more than one centimeter) 
They weie treated vith aithiotomjq osteotomj'- through the epiphyseal plate, replacement 
of the head to its anatomical position in relation to the neck, and lateral nailing for fixation 
After an average follov-up period of thiity-thiee and one-quartei months, the aveiage 
index of motion was 85 per cent of noimal, and the aveiage peicentage of normal hip 
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Nailtd after tjeiidij '■i »1 osteotomy 

P \ , a m lie, a^i d fount tin ^L us iiul four months, w is o))eiatL(l upon September 24, 1945 Marked 
slipinntj iva-s jirc'-i nt iiiiti illi , with good reduction ceidenl m tlie two-jcai follow-up A small circular 
eah ifie itioii nia\ be ‘•ei ii in th< interior e ijisule in the postoperative roentgenograms 

function w is ‘)2 Itopnlffcnogi ims (Fig 2) depict the icsults obtained b}'’ a lestoiation of 
tlie pliysioiogicil fiiiution of tiic hip, aciiioved tiiiough icplacement of the disiupted paits 
ind eaily postopeiativo molnh/ition 

’’Pile condition of a male, aged fifteen, who had had an open leduction and nailing of 
his light hip, IS illustiated in Figuie 3 The postopeiativo loentgenogiams, taken on No- 
vembei 21, 1045, sliow that a poition of tlie neck at the epiph 3 '^scal plate had been osteot- 
omized OOiis jnoceduie was earned out in the hope of simphf 3 nng leplacement of the 
head Excision of this poition of the neck, howevei, made leahgnment of the head more 
difficult, because of the loss of an impoitant landmaik to guide replacement Aftei replace- 
ment, a laige defect in the neck is obvious at the site of osteotomy Eoitunately, in this 
case the defect filled m, as show'ii in the low'ei section of Figuie 3, wdiich consists of roent- 
genogi ams taken tw'O yeai s latei This patient’s hip eventuall 3 ’- attained an index of motion 
of 88 and a peicentage of function of 95 
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mediate postopeiative active mobilization of the restoied hip Adherence to these 
fundamentals minimizes the possibility of aseptic necrosis of the femoial head, either alone 
01 m association vith tiaumatic aithiitis 

In this senes, tiaumatic aithiitis has been encounteied m only two cases, as follows 
J A , a male, aged fifteen, had a maiked amount of slipping, as shovn in Figure 15, 
uppei views The condition vas tieated hy aithiotomy with satisfactory reduction, but 
vith impiopei placement of the nail foi fixation Foui yeais later, there was obvious trau- 
matic aithiitis, piobabl}’- due to the anteiioi piojection of the nail through the head 

C J , a boy, aged eleven, was tieated bj'^ open i eduction and nailing of the left hip, 
m July 1933 (Unfoitunatelj'’, the eaily loentgenogiams weie destroyed ) Reduction vas 
incomplete A plastei spica was applied eighteen days aftei operation and i\ as kept on for 
thiee months The nail was lemoved six months later The anteioposteiioi view m 1940, 
seven yeais aftei opeiation (Fig 16), shows that the head of the left femur was irregular 
and that the neck was shoitened and bioadened Theie weie seveial rarefied aieas m the 


head and neck In the two centei view's, thnteen j'eais aftei opeiation, the rarefied zones 
appealed to have filled in paitiallj' with new bone In the last eight-yeai peiiod of obser- 



vation, as shown in the roentgenogiams 
(Fig 16, low'ei views), the anticipated 
piogiession m the degiee of aithritic 
change has not occuiied This patient 
obtained a lathei satisfactoi}' functional 
lesult, despite tw'o eiiois in tieatment, — 
namely, appaient inaccuiate leposxtion 
of the head on the neck and unnecessaiy 
immobilization in a plastei spica 

The authois believe that if the 
slipped capital femoial epiphysis is 
tieated by nailing, either in sthi oi aftei 
open 1 eduction wuth replacement at the 
epiphyseal plate, dependmg upon the 
degree of slipping, the dangei of fuither 



Fig 12 


Nailed after epiphj'seal osteotomj' 

F H , a male, aged thnteen yeais and nine months, was opeiated upon September 8, 1944 Extreme 
slipping w as piesent on August 24 Three j'ears later there had been virtual anatomical restoration 
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‘-lipjniii* iv ( luniivili'il 1 mtlit'innin tin* p’lluni ( in Ik' iclmiud to liis noiin.il (‘iiviion- 
nn lit witlnii two oi llm i wci K-, wilKmn "i<li ' mli lies, •ind williin two inoiillis lie is able 
to w ilK williunt rNtiiii'-ii '’iippoit 

I In' 'uitln'i'- It i\( null d iiM'iilni nn(:i iplm c \ idi m c uf fu''i()n of llic i jniiliysis witliin 
foni 1 o(i(’lil inuntli'- ifli i n nlnif: in tin opcn-u dm lion i mi s -ind w illnn si\ 1 o cifrliU ( n 
nionllm in lln’ < mi"- midi d in 'ilu In lln Inlli i liionp, llic naili'd ('pijil^ '^is fused i if^Iii io 
l\\(’nl\-one nionllm '-oom i linn lli il on llie nniinoKed ''ide W'llli open ledmlion, the 
n nil d I )n]ili\ '■m fimi d h\ I to ilm l\ -li\i inonllm befoii llnl on Ilu nnin\ oh i d side Appai- 
iiilh o'-leoloinx lliioni'li lln ()n))!i\''( d plale ai 1 1 li i ili s fimion moie i ipidh (han fi\a- 
lion In n nliii): m •■i/i/ 

'I lie mil ‘-lioidd not oiih iio'-slln epipin ''i il pi ile, Inil ''lioiild e\l( nd well into Ilu 
In nl In foni r mi ■' n iili d in -'i/n fiiowlli i oiilinm d 'iw i\ fioni Ilu i nd of the n ul (I'lgs 
17 IN iiul I'M None of lln^i pilnnls hid 'iin loinpIiiiiN, and no fnithei slipping oi 
•■110110111111: K '•nlli d 



Fig 13 

Nailed after epiphyseal osteotomy 

S P , a male, aged fouiteen years and seven months, was opeiated upon Octobei 31, 1941 Severe 
slipping, demonstrable in the roentgenograms of October 29, 1941, had been satisfactordy reduced, as 
shown m the six-year follow-up views 
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Fig 14 


Schematic dravnng shmnng blood supply to the femoi al head and neck 



Fig 15 

Nailed aftei epiphyseal osteotoni}’’ 
{Continued on page IS) 
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I IK ]') (Coiiittiitrd) I A , II mnir, nuf (I fiftu n 
\« irx niirl tlini montlm, was opirntpil uiiori 
Mii\ t I'll) Marki (I slippiiiK, i)rcst.rit oil Ajiril 
1,1*111 li kI III ( n n dill 1 (I In F iiiiinrv I'j, I*)I8 
Hill flu null, ‘■liow II III III! mil roiiosli nor 
Ml w to III iippiriiilh Will plan il, 111 till laliral 
Miw jiriiji 1 1*- tliriiiiKli till inti nor rorti \ of till 
In id linn IS I iiiisidi r dill ii ri Kill iril \ of tin 
irtiiiilii 111 irKin of tin In id and, to a li^spr 
diprii, Ilf tin ai 1 1 iliiiliini Iaiilt\ plan ini nt 
of tin n ill ippiiinth is tin in ijor f ii tor in 
tin proilnilnin of tin trannmtii aitliritis 



Fia IG 


Nailed after epiphyseal osteotomy 

C I , a mall, iiRed eleven j'ears and seven months, was operated upon July 7, 1933 (The early 
roentgenoKi ams w i ro destroyed ) The nail w as i emoved six months after operation The anteroposterior 
vii won tletohei 27 , l*M0,6howid shoitenmgand hroadoning of the femoral neck and defoi mity of the 
fimoial head with iiiogulaiitv of the articular iiiaigm, indicative of tiaumatic arthutis In the re- 
pioducpil films taken at the end of the last eight-year iieiiod of obseivation, no obvious jirogiession of 
till tiaunmtic nthiitis was i vidi nt 


In two cases tlieie was slipping of the iippei femoial epiphysis of moie than one centi- 
metei, but naihng xvas earned out in situ (Figs 20 and 21). Although these patients now 
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I t|' 17 i('fiiilniiitil) 

' <i'>I n ' il I ]' \ 1 11 \ I >i iinl null inmilli , \\ !■< 11)11 1 ill il iipon Si plniilii r (i, Ull'i In (iiL 

■ inil mil In] n li nm m>l I ili i il im nl j i imi'i un i ii\< iiit), n jii noil nf lui nf\ i-i \cii nionllis, n, 
)mi( n i\i i)nii|< iiiititii I in 111! nhlni |i'i ilnni nf Ihc nml to lln (>|)i|)li\f.i,il jilali 'i Ins indi- 
' i>' 'll i' ' 1 ipli' il I ill " is iini III! It i| li\ Mil II iiliii), ]iii)(i lime No fiirLlii r sIijijmiK <>< 
•mi' 1 III' 1 1 lilt i1 p ill "f Mil I )iipli\ I il )il ill linui i| fii'-iiiii III Mil niiii' Ilf I)i 1 1 mill r 22, 1017 



Fio 18 
N uIlcI 711 silu 

G N , I III iIl, ifii (1 twi IvLjciihanrl eight nionUis, w isoiiu itod ujion Fcbiuaiy 5, 1943 Nail is shown, 
in films of June 1 1, 1013, to he eoiieetly ])I iced Epl])h^sellI giowth continued The four-yen folloi\-up 
views show the nail i oniiilelelj' distal to the einphjscal iilatc No fuithei slipping occuiied 

liiive excellent function, an open i eduction with leplacement of the head to a moie valgus 
position on the femoial neck might have pievented the obvious lesidual defoimities which 
may veij'- well be the piecuisoi of tiaumatic aithiitis 

feUMMARt 

lloentgenogiams have been piesented to illustiate 


VOL 31 A ^0 1, JANUARY 1049 









1 (>! N 1 1 1 Ni II I \ I Hi< I II \M, " i\ N \in I) "-I ii’i’M) I ririn "I-' 


1 ') 


1 K I'l 

\ III 1 . t, 

1 '' ' I ' ' V II 1 II I nl . i_li III Ill'll- u I- (I, I rii' 1 ii,)'iii liitii 7 I'in Tirriv ih 

''ll'! I ^ • ' ' f' ! ! ’ ill tii'l > ' I iv. I 1 ii I jil II III it III t li II III 1- -ho 11 in rrii nis.1 no 

• ' I 11 1 I I 1 I iK 1 I I'l'i 1 li\ \ii 1 i|i IJ I'MT til II I'l 1 1- ruin )'i t< h 'll t il t'l fill 

ii,i|\ \ih I ’i II I 1 



Fig 20 


Nulled ir ^tlu 

1 H, 1 tn,’Ii 'I i thit'i n Ml.’'; -ind t o mo iths ” a~ OtKjr'toJ upon Mi\ 6 1944 On \pril 25, the 
'hiipinsii L'^nji'imnuti h I oontim Vnho3‘oim oii*eo‘ora\ at the cpiulu'seil plate, and replaf’e- 
nii nt iK’ion. nailima uoiiM fuii l p^v x iteJ tin. re;i Jual d‘-’ornut\ at the antenor supenor junction or the 
hoad au'J n'-c’ a^ -<-.0 in the follox-un \ni ss The nad wa- removed tiventv months after operation 

1 The result' of the treatment of -lipped capital lemoral epiphvsts by nailmg in ^ifti 
and bv n iilmtr aftt r o-u otomv ind rep! ’cement 

2 '11k piiMiitioii ol tiMtiur -hppimi udhi-itum ot fn-ion of the cpiph\-i^ and 
pn -( r\ ition of lulilmb noiinil in itmin ol tin hip in omph-hed b\ this method 

3 1 he ib-< III ( ot the utthrited tusiou m four ra-e> m which growth pci-'-i-tcd 
until the cpipln-tal plite hid advanced bevoud the end ot the mil 

The results of this method of treatment suggest that adecpiate replicement with a 
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Fig 21 


Availed in situ 

A W , Jr , a male, aged thirteen years and four months, was operated upon April 28, 1941 Initial 
anteroposterior and lateral vicms, taken on April 17, 1941, showed slipping of approximately 1 5 centi- 
meters By our present standaids, this patient should have been treated by arthrotomy, osteotomy at 
the epiphyseal plate, and replacement before nadmg This u ould have prevented the prominent bony 
projection at the superior junction of the head and neck, obvious m the films of May 29, 1946 

minimal amount of cuculatoij^ embaiiassment to the femoial head and neck, followed bj'^ 
early mobilization and ii eight-beaiing with the aid of clutches, is of pai amount impoitance 
Treatment of the slipping while it is minimal peimits a simplei opeiative piocedure 
i\ath an excellent piognosis, and ehmmates the hazaids and the infeiioi lesults stemming 
from the diflScult pioceduie iihicli is indicated aftei the slipping has become maiked 
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DISC I ss|()\ 

\i)Ti till 1)iiii iiiiiciiii'Mii I I tulip nf |) 1 ) 11 1 ', nil till Ik itiiii III of hlipjM (1 ( |)ij)li> SIS, pn scntcd at 
Uh itn* *' I Im DtlMTtluii Will 

Till Mail IP in< nl o( 111! ipi, III 1 pipliv . olpllu ‘.i‘. of tin Ihp' In S iiiiiii 1 Isli mix M i:) , ^L^\ "S ork, N Y 
Mi))i)iiii ol till f pp( I 1 I inoi il 1 ppiln'-P In Hi I ki II llowoilli, M I) , \i w ’i oik, N Y 
I K iliiv III of f-lippmi oMlii t pp'i I I mol il I iniiln^p \ Simh of llii I.ili Hi mills iii ]'oil>-l\\o C iscs” 

In ( 1 III tin 11 III \ III III M I ) . I |i \ 1 1 Hill, oiiio 

llii Hnini 1) Wit os, \i w ^llllK, \ 'N i In n is nollnni; m u nlioiil llii i lioloKy of llns (•ontlilion 

I III I inloi mil f II loi n --till ili ( m , <1, Imi mi i li n • \ nli m i |i p lx < h pioiliu i il lo hIiow lliat il plaj s any pari 

II p lull ill ii 111 on of ill! ]i Oil III*- nil m i n\i iplii iml tlial I In \ ofli ii slmw sipns of i ixloi riiu dysfuiu lion, 
lull 1 I 111 Ilk Ml III i\ I oiii liidi I li 0 I In' I \l I 1 \\i i|dil is tin < liii f fin lor, lx ( ai|s( it o\ i rloads IIil f piphj scs 
I In 11 p no I \ nil 111 1 ill 0 IK Oiin III iloni, i iidin iinoloim d lini s will niiiki any diffi ronri As a matter of fact, 
if tin I )iOtiiit'- III tK iKilln \ inoip t\ pi ^ of M \ liornioni tlx i iTi ris upon tin pn i oi loiis dcvi lopment of 
tin Mcondm mi il rli o n ti ipln '• pwill is (In in i otiip on ini' i li iiiKi s, an ofli n so troulilcsome that it 
sisiiptoiin tin oithopndn tii 0 tin nt p ]ik fi r ilili Old f ir niori iirlnin I In avc ni|'( at'i of these patients, 
p st oiil In tin uiihois^ p ill, sum p I found in i pnyioiis study Ihirliin and one-half years for the 
lioys Old tliMii Old om h ilf \i ITS foi lln pirK 1 Ihink Ihil this has no Ixaroii' on Ilii possible endo- 
rnin K 1 Oioiphi|i p It p Will known tho lln iirowlh rile in ipils p mon r ijiid and lhal tlnir epiphyses 
iiiitun 0 oil iilni 0,1 ihiuoilnns 

I Ixliiyc tho nothoii, in w h p biiii shown in nlOion to lln iiOholonnal (haiiBcs that occur with 
< jiipln SI d dpjil iri nn nt 

\s f ir p tn Otm nt p eoin i iin d, 1 Ihink w< in dl i(,n < d upon Ihi in i d for e irK recognition and diag- 
iiospoftlns, I pisbibin dppi i( I nn nt of in\ i \f( lit li p I iki ii ))l ii i Mos|ofth(S( p ilienti, are first seen by 
tin f iitiilv jiliy sinoi, iiid tin onl\ w i\ wi i in In Ip p by onpro\ oig nn ihi il i dm ation We know of the in- 
rn pang di in unis tho in Ining in idi upon tin iiiidnal s( hooK to on hide iddilioiui material in their 
rurncul I It'-niiptoim ihooin i nti non w Im h miglit lx applied p win I lu r or not the teaching is of funda- 
im nt d oii)xirl mci onltho winni irK di ignosp and tii itnn titan so onporl iiit and make sucli a difference 
in tin fin il n suit in shpixng of lln iippi r fi inoril i pipliysp, o should Ix siits«ed lo the medical student in 
such i w ly th 0 In yyill in yi r forgi I lo look for 0 Spi ikoig p i n jin senlative of the City of Ne\y Y'ork, I 
on gl id to s ly th 0 tin n h p lx i n i gn 0 improyi on iil in tlx e irh di ignosis and recognition of these cases 
OiiriypimiiK oyirlln 1 Pt tinyi irsshowsthil it h pl fyy o-t lords of thesi ca'=es are seen in hospital clinics 
yyill 11 slipping p minim d, oid wi fidthit it p not luiissoy toeoireci tlx deformity W'^e treat these cases 
p ( UK rg( IKK s Old h lyi tin m I'linitti d lo the hospit d imiin di ilely , when fixation of theepiphy'sisis earned 
out with 1 Smilh-1’< l< P( 11 nail W\ mini tin in lioiin from the hos])ital m about two weeks, walking with 
cniulns Old witli an ( l( y ition und( r tlx shoi on the uniny oh ed extremity 

As f ir as ni oiipiil On i ri dm lion of I lx di formity is eoiui rued, I he only ady'oeate for this method among 
tlx spi ik( rs p IDr Jh y 111 in, who ri ports good ehim d results in seyi nteen of twenty-one patients, but good 
r<x nigi nographic imiiroyi nx nt only in foiirtei n I’e thinks that the fixed external rotation and limitation of 
ibdiiction ire ofte n ilm lo eonlrai lure of the iiupili s and ligiments, rather than to bone deforrmty I’m sure 
yyi yyoiild all agrei yyith him th it mipdi lontraduri and spism play a part in limiting the motion, but I 
lliink that this p not trm win n tlx nx nlgeiiogr im slioyys bone deformity In old healed cases yynth displace- 
nx nt yyi find sunilar hinitalioii, and th it is undoubtedly elue to the bony obstruction He finds this is true 
iKo in tlx sc cpcs, bee iiPi tlxsi ire the ones in yyliicli lie lias removed surgically the bony obstruction to 
motion 

A gnat many of the oldi i surgeons in tlx audicnct yycic biought up on the manipulative treatment of 
slipped f( moral eppiliysis, followed by immobihration in a plaster spica, most of them have abandoned this 
treatnx nt, and yye should pk yyhy Spe iking as an individual, my' oyyn experience has convinced me that I 
often fooled myself and thought I had leeomphshed reduction yyhen such yy'as not the case Waldenstrom 
explained this by showing a speeimen he had lecovered fiom a child yvith slipping epiphysis, w'ho had been 
subjected to manipulation ind fixition in plastei Ihe loentgenogram seemed to slioyv reduction, but when 
the (hild died of some extianeous condition and the specimen yyas recovered, he found that the deformity was 
the same as it h id been originally' Also, in some of my' cases, avascular necrosis of the epiphysis developed 
after manipulation, and I yyas ( onvinced that my elToits to obtain wide abduction and internal rotation had 
injured the vessel-bearing tissue of the capsule to such an extent that necrosis resulted Furthermore, I be- 
hev( too much eonsidcration should not be given to the results, unless these cases have been followed for many 
y ears From experience yy ith older cases in yy Inch ostco-arthntis has developed, we can see that the patients 
ajiparently did yyell for a number of yeais folloyying their treatment before they began to complain of pain, 
and yet by roentgenographic study w e sec that they have had gross deformity of the femoral neck all the 
time 

The other speakers have advocated vanous methods to secure internal fixation of the epiphysis and early 
healing There are those who favor the Smith-Petersen nail, others use various types of pins, and Dr Ho- 
worth and his associates have employed small bone grafts, diiven up into the head through drill holes I do 
not suppose we are evei going to reconcile our differences wnth regard to technique, nor do I believe that it is 
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realh important, because all of us are amung to accompbsh the same thing by different methods, — nanieh, 
fixation of the epiphj SIS and earh mobilization I am perfecth mlhng to accept Dr Hon orth’s operation, 
but it seems to me that the nail accomplishes the <5ame thing, more smipli and uath le®*: nsk If the cpiphisis 
i'- pioperh fixed thiough the fenioial neck, it wall heal as lapidh wath the nail as with the giaft, and less 
haim IS done to the bom stuictuie I ha\ e seen bad lesulfs from nailing, but bi cause the operation had hei ii 
done impioperh Thtie is need foi a good technique in intioducing iiicl plaeing the nail aceuiatelj Ihis is i 
matter that calls foi teamwork between the suigeon and the locntgcnologist, but I am sure that it can be 
done 

We haa e used, at the Hospital for Special Surgera , about the same after-treatment as Di Kleinbei g has 
described We haae a senes of oaer seaenta cases aaath minimal deformita that had been treated bj simple 
nailing There was one case aaath aaascular necrosis, but thiswas due to the fact that the epiphasis had hiiii 
driaen aaaaa from the neck aahen the nail avas intioduced I think that can be aamided if one studies the 
loentgenograms carcfulla When one notes a aaide separation of the epipha sis from the neck and an appeir- 
ince of consideiable mstabihta , then one should introduce a guide pm to fix the epipha sis and emploj a can- 
nulated nail, or one can use a lag screw We had one case of infection aaath a bad lesult I aaould stress the 
need for aaoidance of unneeessara damage to the bone structure in introducing the nail If one dria^es the 
nail in and takes it out and repeats this performance sea oral times, there is gieat damage to the internal 
cancellous structuie of the neck, and it maa haae an effect upon the blood suppla to the epiphasis I quite 
agree wath Dr Hea man that this is not desirable and that it affects the result 

We must now consider w hat to do in the cases aa ith defornut j and displacement Should w e attempt open 
reduction ba epipha seal osteotoma orba tiansceraacal osteotoma ’ Of course, in an earla case we maa emplo} 
traction, but I am assunung that we are discussing eases in aahich the epiphasis is united, wath resulting de- 
foimitj I belli a I that open reduction is indicated onla m the acute cases in aahich the epiphasis is waclelj 
displaced and iiduction is not obtained ba tnction In 1927, I reported a gioup of eases aaitli displacement 
in will! hi hid '1 parated the epiphasis fiom its deformed position, leplaeed it on the neck, and fastened it 
with a n 111 1 hi iisults m these ea«es weie good but latei, when I did more of them, I began to encountei 
laasi ul ii IK I losis of the epiphasis and I gaa'o up the method I then faamred accepting the intri-aiticular 
di tormita uid correcting the position of the limb ba a subtroclianteric osteotoma Latei, howea’-er, at the 
Ho'pit d I ir 'special Surgeia, I ob«eiaed the ca«es m aahich Di Leaaas Clark Wagnei had corrected the de- 
li >rm \ ba ceiaical osteotoma, and he conanneed me that this is a a era good procedure and that the results 
ill ' I I'tactora Dr Carl Badglej has also reported good lesults from this method 

1 re IS one point that I consider important m the operatia'e approach to these hips, — namela, that the 
I d I I) 1 of the capsule from the base of the neck impairs the blood suppla to the epiphasis, and therefore 
I jln b aaoided With a transaerse incision close to the anterior nm of the acetabulum, there is less danger 
I ‘lug tlamage to the blood supplj 

M Ilia surgeons haae noted the deaelopment of aithntis m the hips of patients wath epipha seal clisplace- 
lollowang operations to correct the deformita In such cases there is no actual necrosis of the epiphjsis 
'orptioii of It, but the joint cartilage space becomes narrowed and the hip becomes fixed I haai^e per- 
il 11 tliroplasta in some of these cases later, and this lias gia en me the oppoi tunitai of examining the head 
I iro'iopic section I am coimnced that the loss of the joint caitilage is the result of a limited or partial 
\ ' nlar necrosis, which is folloaved ba reaasculanzation in the subchondral aiea of the bone This has been 
' ' I" aiitifulla in some of the sections 

i>' I \lbert IvET, St Louis, Missouri I became interested in slipping of the uppei femoral epiph} sis 
in 1020 iiid studied the cases at the ^Massachusetts General Hospital That studa was published in 1926 
Tin p ithiilogical changes in the bone had been aaell worked out before 1900 Sprengel and other German 
surgion- had noted the clianges in the epipha seal line, shortening of the femur, and displacement of the head 
tliat irc now being described to us I tluiik that the changes in the sjnoaaal membrane haai-e not been 
noted before 

In none of the cases that w e treated bj manipulation could anj reduction of the deformity be demon- 
strated m other w ords, w e w ere w oi king on a cap that w as firmla fixed to the neck, and all aa e did bj^ manip- 
ulation was to tiaumatize the articular surface Dr Carl Badglea later opened some of these hips, aftei un- 
successful mampulation, and saw eaudence of injuia to the cartilage 

I am at a total loss to explain the good results ba manipulation, except bj the fact that this is a condi- 
tion of idolescence in aahich bid results are not eaident until middle life The fact that these mdiaaduals do 
not haae pam or disibilita a few a ears afterwaid means nothing On the other hand, if these hips aaere exam- 
ined carefuUa , hnutation of motion and incongruit3 of the joint surfaces would probablj still be found, and 
avhere there is incongrmta of the joint surfaces in the hip, arthritis wall dea elop after the indiaadual uses that 
hip for a number of a ears 

I behea e that neither dnlhng, as Dr Ivlemberg did, nor naihng, nor the use of three bone pegs or one 
bone peg across the center of the epiph3 seal hne can be depended upon to fuse the epiph3 sis Dr Phemister, 
in his operation for stopping bone growth, went to a great deal of trouble not onh to cuiette the center of 

{Conlinued on 'page 5{) 
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S imn 11 (es lifi imeiits ( imnioln hinds) md imniolK eoini)iession, \ asc iil u d'v splasia ’’ ", 
o-u oj) illn dm to 11 ''lolls of ilu ( ( lit 1 il IK 1 \ oils s\ , iiieslofde\eloj)mentandmesen- 
( IiMii il h\ i)o])l isi 1 ".iKojiIisin ind mmofihiomi' I illiei m l‘)2S, Diuioquet m 1037, 
Biihit m I'tl'l md H II Moon m IMIO jxiinted to the fit (pu m v w illi whuli mollusca, 
mmolihiomi ind ( ifi'-ui-liit spois ik* found m isso( i Pion w itli (ouKcmlal psemHithio- 
sis indotlifi (oniTfiiitil mom ilii s ( onfiemi il pseud ulliiosis is i ne in (ompaiison uith 
otln I <onu<mt il mom iln s ( mmi iti noted t\\ent\-se\('n i as( s it tlu Islitulo Hirzoh m 
tlmt\-t\\o \( irs '111! piiiKipil sit( of (ledion is tin lowci thud of tlie tilna oi fihul i 
fsh):litl\ moK ofti n on the left side Ihm on tlu* nnht), hiil the (ondition has haon cn- 
( onnti K (I m otln i horn s of ( m hondi il oii^m, im hidinji; the ( I.i\ u lo, hnmciiis, ulna, fust 
III) md fiinui Heiedit\ Ins heeii ie|)oiled i fntoi in two ( is(>s '•* ''I'lie lesion is slipihtl}’’ 
more fie(|U(nt in the mile {’il pel (ciit ) thin in the fern lie (Il poi (ent) 

1 hese st itistus md put of the hisloiii il dila iited weu obtained fiom a stud}’’ hy 
M irio ( imiii iti of IIS ( ises colleited fiom the hti'iatme oi ohseivod at the IsMuto 
liizzoh lepoitid m 1030 

'J'he liistop itholonK d (hu uteiistus of the lesion line hecn gencialh’’ accepted as 
lonfoimiiig to those of .i(C|Uiied jiseiid iilluosis Ineit, scleiosod, pointed, atiophic bone 
ends (h mug the ajipe u iiue of sucke/1 (.iiuh), suiioundcd hy a slee^e of dense connective 
tissue md de\eloping iiltim ileh tlu chaiaCeiistics of a ncaithiosis includingthe caitilage 
md joint ciMt\, iic the piincipal findiiigb in the mobile typo Gieen and Rudo, in 1943, 
repoited the finding of i nemolihiom i it the site of i congenital pseiidai thiosis of the tibia 
'J'his staithng dis(o\eiy did miuh towaid awakening inteiest in the patholog}'’ and 
eliologjf of this disease, but to date theie has b-'cn little confiimation in the hteiatuie 
'I'lie e.iily tieatmeiit of ( ongemtal psoudai thiosis included the use of setons bj'’ Physick 
111 1820, IS desciibed by Kei , injedion of such nutating substances as iodine, injection of 
whole blood, ignipiinduie, splints, continuous tiaction, amputation, and biaces Reichel, 
in 1902, raised a pedicle giaft fiom the opposite tibia (giaft and peiiosteum w^eie attached 
to the o\ei lying subcutaneous tissue and skin), ciossed the legs, and attached the fiee sui- 
faces of the pedicle to the exposed pseudaithrosis site by peiiosteum and skin The skin 
and subcutaneous tissue of the flap w'eie letmncd to the oiiginal bed in twenty days 
Success was lepoited 'Phis method w'as adopted foi a time by Codivilla, Coenen, and 
Novli- Josseiand Codivilla latei (m 1900) employed long, naiiow osteopeiiosteal giafts m 
baiiel-stave fashion 'Pilliei, m a lepoit in 1928, cited seveial successes wuth the Cuitillet 
method and lecommended aiteiial sympathectomy in instances of slow' consolidation 
Fioehcli, 111 1910, lecommended massive osteopeiiosteal giafts 

The histoiy from 1910 until the piesent peiiod lecoids the continuation of suigical 

*Read at the Annual Meeting of The Ameiican Academy of Oitliopaedic Suigeons, Chicago, Illinois, 
laniiary 20, 1948 
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Schematic diawmg of the first and second stages of the delayed graft Shows the employment of the lengthening appaiatus and plaster used m primary fixation 
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os(('0s^Ml(Il0Ms IS du' piimip.il nu'diixl of fip.ilmcnl of congoniial pseudai dii osis — the 
ml IV gi if( of Vllx'o, die m.issi\e onl.iv gi.ifl of Campbell, Hendcison, Gdl, and others, 
die pilled osleopenosteal giatt of MeBiide, multiple chip giafts^^ whole fibulai tians- 
plaiit \Uon pioposed by II ilm'' and side-io-sule libiohbiilai s3mostosis Oiell, m 1937, 
toiiliibiited diK'e t\pes of helei ogenoiis <iiid homogenous giafls, — namel}^, os purum, os 
noMim iiid lioiled lioiu' In 1911, Bovd lepoiled die dual on)a 3 '^giaft (homogenous) Boyd 
exceed (he (oniiediM' (issue foimmg the pseudailhiosis, then budged the defect on the 
mediil and Ideial isjieds In he n y homogenous giafts, liansftxmg the tibial hagments 
and giafts In \ it ilhum s( lews, of wliu h two wcie placed pioximally and twm distall 3 '^ The 
mtenal between (he giafts was filled with chips 

B iino\ Biooks lepoi ted m 1920 (he icsults of a senes of expeiiments on dogs in w'hich 
a bone giaft w is ji u ti ilh jiu']! ued, die wound w’as closed, and the giaft was lemoved ten 
dns litci Vliziim led w is injected in oidei to stain the new^ bone which w^as foimed A 
tot il of se\en(eon exiieiimeiit'' led Biooks to conclude that the os novum type of giaft 
was moio ostcogcnetic than (he diiect (lansplant, paiticulaily in giowing bone Expeii- 
mcntal woik lepoited in eiihci publications, substantiated his conclusions 

In spite of (he gicat id\ inces m uie m bonc-giaft siiigeij’- since 1900, the lesults in 
congemt il pseud iidnosis h.i\c been exticmeh^ discouiagmg Meicei stated that Putti, in 
diiitccn c ises, had two leioxenes No\c-Jossciand lepoited seven cases with thiee re- 
co^olles Inochch hid foui cases with two faihues, Campbell in 1939, saw thiee cases, of 
which two weic failuics, Boj'd, m 19-11, icpoitcd six cases, with two failuies 



Pig 2- a 

Fig 2-\ A E Lateial and anteropostenor 
roentgenograms of the tibia and fibula show 
congenital pseudaitliiosis Note refiactuie 
through dual onlay giaft Thiee delajed giaft 
procedures i\ere neccssarj because of two 
spontaneous fractures Fig 2-3 shows present 
status Fig 2-B 

Fig 2-B Anteropostenoi and lateral i oentgenograms show tibia and fibula one \car after dclaicd 
graft Note restoration of continuit j of tibia and fibula, and of medullarj ca\ it 3 
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CL\bSlFIC\TION OF PSEUDARTHROSIS 

The outlook foi the successful tieatment of congenital pseudaithiosis would be ev 
tiemely gia^e, ueie it not foi the fact that bone continuity can be successfully lestoied 
thiough bone-giafting Bone-gidfting has foi its pi unary purpose the stimulation ol 
osteogenesis It is obnous fiom the foiegoing histoiical leview that osteogenesis has been 
lestored in man}^ instances, uith lestoiation of the skeletal defect and letuin of function 
One might theoiize that the end pioduct of osteogenesis (lammated bone) m the pseudai- 
thiosis aiea is defective in quality, m that it is not only incapable of ivithstanding the 
physiological stiesses, but is equally incapable of lepaii This is the authoTs woiking 
hypothesis, and is the basis foi his classification of congenital pseudarthiosis mto tvo 
piincipal types 

1 Pie-pseudailhosis In this stage the long bone is bowed oi bowing, the apex of the 
boA\ IS naiiov, the medullaij’’ cavitj'^ becomes obhteiated, and spontaneous oi induced 
fiactuie (often suigical) occuis, followed by pseudaithiosis 

2 Pseudaithiosis A aiious degiees may occui, fiom simple fibious to fiank nc- 
dithiosis, including scleiosis of the bone ends, caitilage, and joint cavity 

It IS A\ith this hypothesis in mind that the delayed autogenous bone giaft is piesented, 
it IS an excellent means of pioducing osteogenesis 

THE DELXIED XUTOGENOUS BONE GRAFT 

Pi epai ation of the Giaft 

The delayed autogenous bone giaft is a giaft that is elevated fiom the tibia, fibula, 
01 ilium, complete!}'' fieed of all attachments, leplaced in its natuial bed, and, aftei i on tine 
closuie, by layeis, of the peiiosteum, subcutaneous tissue, and skin, is allow'ed to remain 
so imbedded foi an average period of eighteen to twenty-one days It is next removed 
subpeiiosteall}', caie being taken to preserve the new'-bone attachment to its various 
surfaces It is then implanted in the fragments comprising the pseudaithiosis 

Preparation of the Pseudai thi osis Site 

Infection, if piesent, must be eliminated six months befoie giafting Skin scars, ad- 
herent 01 wude, must be excised and healed one oi tw'o months befoie giaftmg 

The deep approach to the tibia oi to the tibia and fibula should be made thiough the 
anterior compaitment of the leg The pseudarthiosis should be excised completely, in- 
cluding all fibious tissue and the sclerosed bone ends The tibial and fibulai fragments 
should be aligned perfectly and then held in position, each is transfixed by two heavy 
Itiischnei wires All of the wires should be m the same plane, approximately one inch 
apart, and placed w ell aw a}' from the exposed ends of the tibial fragments Care should be 
taken to avoid the epiphyseal lines The author usually employs the Abbott bone-lengthen- 
ing apparatus for diiecting the pins and holding the fiagments while the giaft is being in- 
seited One of the tw'o lowei pins occasionally has to be inseitcd mto the calcaneus Tlio 
fibulai fiagments are fixed by an intiamcdullaiy Kiischnei wuic 

I mplantation of Gi afts 

The tibial fragments are split as fai as the nearest transfixion w'lie The tibial giaft is 
wedged at the ends and forced between the split surfaces of the proximal and distal tibial 
fiagments A smallei fibulai giaft is piepaied, similar to the tibial graft, it is laid against 
the fibulai liagmeiits and fixed, it necessaiy, with a fine wire sutiiie above and below As 
pieMously stated, both the tibia and fibula aie approached thiough the anteiioi muscle 
compaitment This necessitates letiacting the muscles, vessels, and nerves aw'a}' fioni 
each bone, in order to gain proper exposure A single skin incision suffices for the exposure 
of both bones 
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Fig 3-V 

lid 3- V P U AuU loposleiioi iiicl Ktci il 
i(K lit donodr ini';, t ikiii Iul\ 7, 1043, show coii' 
Ri nit'll ps( ud irtliiosis of llit lowci tliiid of tibn 
iiid fiiiulii Notcfrictuu tliioudii du il Old IV gi ifl 



Fig 3-B 


Fig 3-B Viitcroposttiioi iiid litciil lotiitgcnognuns of tibia and fibula show icstoiation of con- 
timnta of both libia and fibula, one \tai aftu ddaaed giaft Note bowing This must be watched caie- 
fulh, and new bone must be addid if i videncc of woaluning appears 



Fir 4 -\ 

I'lg Tv C \nt( loposteiioi and Uteial 

Mews of the light tibii show eongenital pseiid- 
irtluosis 

Fig 4-B Alltel ojiostei 101 and lateial views of 
the right tibia, twentj'-two months aftei delaeed 
bone giaft 



Fig 4 -B 
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The •nound is closed m laj’-eis, including the two incisions in the compartment em 
ployed for the tibia and fibula, the incision in the anteiioi wall of the compartment, and 



Fig 5- a. 

Fig 5- A G J Anteroposterior and lateial roent- 
genograms of lower thud of the left tibia, April 18, 
1946 

Fig 5-B Anteropostei 101 and lateral views, Oc- 
tober 16, 1947, eighteen months after delajed giaft 
Note restoration of continuity of both tibia and fibula, 
medullary cavity has been restoied Slight anterioi 
and medial bowing persists and, if piogrossive, giaft- 
ing will be necessary (subpenosteal grafts) 



Fig 5-B 



Fig 6-A Fig 6-B 

Fig 6-A F AI Anteroposterior and lateral I oentgenogiams, taken Apiil 8, 1947, show congenital 
pseudarthrosis of left ulna 

Fig 6-B Anteropostenor and lateral roentgenograms, eight months after delay^ed bone graft Note 
restoration of contmuity of medullary cavity Ulna not growing as rapidly' as radius Radial bowing 
was corrected, prior to delayed graft, by' delaymd osteotomy Radial growth arrest is indicated Pm 
m low er portion of ulna represents method of fi\ation employed to attach delayed graft to distal ulnar 
epiphy'sis 
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Fig 6-D 


Photomicrograph (X approximatelj 125) of bone graft, second or dela\ed stage In one portion of 
the section there is a piece of adult bone nhich is non dead Note the cmptj lacunae arising from this 
new -bone formation mth osteoblastic activity and primitive bone spicules 
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If leg-lengthening is to be peifoimed, the pseudaithiosis is excised and the appaiatus 
foi lengthening is applied The lengthening should be done veij^ slonh^— one-sixteenth of 




Fig 8-A 

C K Photomicrogiaph (X appi oximately 125) of bone graft, initial stage Section shous normal 
adult bone, the viability of which is demonstiated by the piesence of osteoblasts and lacunae 
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in nil'll (1 iih , lK'}i;nininp; on tlii' si'M'iilli d ly The m.i\imnm IcngUi obtained in the piesent 
M’lK"' w i'' tliiee ind one-li.ilf ini lies The (hJaii((l (i>nft nnisf iwf be slcnfcd laild Jcnqthcn-inq 
IS <ow)ilil( mill till opiuilni innnid has luaUd 'Pile lust iiid sei niid sl.igis of llii' delayed 
gi lit. ind till' lengthening iiijiii iliis mil iilisti'i used in piini.iiv fixation, aie shown in 
I'lgiiie J I'oi I jisi'iid 11 Ihiosi'- ol the iiln i, l(‘niiii, oi i lavii le, delayi rl onl.iy gialfs aie used, 
ind lixition is obt.iined by an intiamedullaiy Sleinmaiin pin oi a Kiischnei iviie and 
\ it ilhnni s( lew s 

\ft(i-Tii(dwrni 

'riie inns ind plistei iie in.iintaiiK'd until the mediillaiy lavity appeals m the giaft, 
whuh lequnes in iveiage peiiod of foui to six months A doiible-bai cahpei biacc, ex- 
tending fiom ankle to gioin is then applied ''I'his biace has a pelvic band and a full-length 
libi il le ilhei iiiff, a icmo\ able eelluloid tibial cyhndci is employed inside the cuff, but not 
itt lehed to it 1'he biaee is woin foi two yeais 

Pcrhnnit Poiiih ni (hr Technique 

1 The bone gi ifts must o\eilap the fiagments foi two inches oi moie 

2 Fix it ion with foiii pins is csseiitiil 

3 The gi ift IS held in position until a well-defined modullaiy cavity has appealed 
-1 ’'idle applu ition of the giaff should not be delayed inoie than eighteen days in 

small childien, oi the giaft will lose its idcntitj’’ 

CLINIC VL AND LVBORATORI DA.TA 

Eight patients w ith congenital pseudaithiosis aie piesented, five aie females and thiee 
aie males At the time of the dela5’’ed giaft, twm of the patients w'eie four yeais of age, one 



Fig 8-B 


Photomicrograph (X approximately 125) of bone graft, second stage or dela\ecl graft In one comer 
there is a piece of adult bone which is dead Arising fiom this is new -bone formalion in callus Note the 
osteotilastic activity 
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Fig 12-A 


Fig 12-B 


Fig 12-C 12-D 

Riir 12 A E, G Anteiopostenor and lateral photographs, taken January 26, 1942, shon typical 
conglmtal pseudarthrosis Note caf4-au-lait spots, scairmg from previous operations, and shortening 
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1 Iff 12-I< Vnli loixisli iioi niul laliuil im iifKiMiof'ianis show (ypiciil congpnilal pscudarthrosis of 
lo\\( 1 tlnid of dll' (il)i i and (ilmla on tlu li fl 

I'lps 12-C' >11(1 12-1) Aiih'ioposU 1101 and lah'ialiocMilgdiogiamsoftholibiacand fibulae ofboth right 
and iofl log'' I I'fl libia shows u'sloi ilion and tonliiuiily of mcdullaiy cavity, si\ jeais after delayed 
giafi Ivowei (lid of libia shows a sdciosis, lopicsenluig the site of coriection of the anterior bowing 
Corii'plion obt lined b\ (h'hnid osteotomy '1 he ofipositt tibia shows the leg-shortening procedure, after 
nine months 


\\ IS si\, out' spy cn, two eight, and two twelve Patients A E and P B had tin ee applica- 
tions of the dchyed gnft, due to spontaneous fiaetuics (Figs 2-A, 2-B, 3-A, and 3-B) 
L C had 'uldition il small shaving giafts, in oidei to mciease the diametei of the graft of 
the tibn (Figs 4- A and 4-B) 

The ay ci igc jieiiod leqiiiied befoie foimation of the medullaiy cavity yy^as six months 
C if(i-aii-l‘iit spots weic piesent in sey^en of the eight cases Neuiofibromata yyere piesent 
in tyyo, G J (Figs 5-A and 5-B) and E M In six cases the tibia and fibula yveie involved, 
in one case, the feiniii , ind in one case, the ulna F M , the patient yyuth pseudarthiosis of 
the ulna, had a defoimcd elbow at biith (Figs 6-A and 6-B) D M , the patient yyuth in- 
ymly cment of the femui, piesentcd a shoit loyyei extiemity yyith thickening of the pioximal 
poition of the thigh In all cases of tibial and fibulai pseudarthrosis, bowungs w'eie piesent 
at biith and fractuies occuiied dm mg the fiist j^eai Heiedity played no noticeable part 
J S (Figs 7-A and 7-B) had a biothei ivith pie-pseudaithiosis 

iNIicioscopic studies of mateiial taken fiom the pseudai fchiosis aieas ley^ealed mamlyf 
hypeiplasia of fibious tissue A pathologist’s lepoit stated “Theie is a mass of adult 
fibioiis tissue in which theie is collagen pioduction The mterspeised fibrocytes are for the 
most pait adult in type Theie is no fiank neoplastic proliferation here ” 


TABLE I 

Al KALINE-PlIOSPHATASE DETERMINATIONS 


Patient 

First-Stage Graft 
(Bodansky Units) 

Second-Stage Graft 
(Bodansky Units) 

Increase or Decrease 
(Bodansky Units) 

J S 

88 

178 

+ 90 

G J 

75 

180 

+105 

P B 

520 

662 

+142 

D M 

540 

320 

-220 

F M 

Tests unsuccessful 




In J S and G J , neuiofibiomata yveie found m micioscopic sections of subcutaneous 
tumors The blood calcium, phosphorus, and phosphatase yvere normal Other laboratory 
studies, including Wassermann reactions, yy'^eie negative Microscopic sections of the 
first-stage bone graft shoyved normal bone Microscopic sections of the bone giaft at the 
second stage (aftei eighteen to tyventy-one days) revealed the folloyynng “The sections of 
the delayed bone graft shoyv dead bone of the adult type, from the surface of yyhich theie 
IS callus groyy'th yyuth provisional bone foimation Diagnosis Delayed bone giaft yynth neyy'- 
bone formation ” * 

Alkaline-phosphatase deteiminations yvere pei formed on the grafts at the hist and 
second stages in five of the cases (Table I) 

Figures 6-C, 6-D, 8-A, and 8-B illustrate the microscopic sections of the delayed 
grafts. Figures 9 and 10, of the usual soft pseudarthrosis tissue 

Figures 11-A, 11-B, and 11-C shoiv the tibia of M J J , before and after application 
of the delayed bone graft This nme-year-old patient did not hayce congenital pseud- 
ai throsis, but a pseudarthrosis due to osteomyelitis Three and one-half inches of lengthen- 
ing yvas obtained This yvas the fiist case of pseudarthrosis m yy'hich the delayed autogenous 
* Reported by E E Aegerter, iSI D , Professor of Pathology^, Temple University Medical School 
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fii.iK w i'' ('inplt)V('(l l''m du'iinou', Iho dolayod giafi budged a si\-iiicli delect, thiee and 
one-half indies of wliuli liad been pioduced by the leg-lengthening Success in this case 
led to the use of the delayed giaff in eight lascs of congenital pseudaithiosis, as illustiated 
in iMguic's 2 -A to 7 -B and 11 -A to 13 -B, inclusive 

KLSUni'S 

Siuiessful osteosynllu sis h is b(( n aeiomphshed in eight cases of congenital pseudai- 
Ihiosis In si\ of these ( ises the defoimity was in the leg, once it was in the ulna, and once 
111 the feiniii In tue cases the peiiod of follow-up laiiged fiom eight months to a 3^eai , in 
the othei thiee eases it was eighteen months, twent3’'-two months, and foiii yeais, lespec- 
tneh 111 two e ises thiee delayed giafts weic lecjUiied, and in one case an additional bone 
w is icciuiicd foi thickening, to pi event possible bieaking In one case a delayed osteotomj’- 
was peifoimcd thiough the healed pseudaithiosis aica, to collect seveie anterior bowang 
In the pseiidai tliiosis of the tibia with a six-inch bone defect, lestoration of the defect w^as 
ac comphshed b^' the delayed autogenous giaft In tw o cases spontaneous fractuie occurred, 
and tiaumatie fi letiiie occuiied once in each of these cases, necessitating the extia giaftmg 
mentioned pieviouslv Anteiioi bowing occuiicd in each of the cases of spontaneous fiac- 
tiiie, and simulated the bowing seen m pie-pseudaithiosis Giaftmg the hbula, bettei 
biacing, iiid impiovcd aftci-caie might have solved this pioblem 

CONCLUSIONS 

The dcla3’’ed autogenous bone giaft is capable of stimulating osteogenesis The extia 
supply of alkaline phosphatase and the attached newlj'^ foimed bone may contiibute to 
osteogenesis Bony union occuiied in each instance The principal problem is one of 
meticulousl}’’ nuituiing the 3'’oung bone until it can withstand the physiological foices and, 
latei , the functional demand Eeinfoi cement of the new 13'- foi med tibia at its w^eak point, as 
evidenced b3’- nan owing 01 incipient bowing, is impel ative Osteos3mthesis of the fibula is 
believed to be of gieat value, not onl3' m oiTeimg additional stiength to the young tibia, 
but also m maintaining axial alignment The importance of the continuation of piimai3'' 
immobilization until the medullai3'- cavit3’- has been foimed, cannot be ovei emphasized 
It offeis the only ciiteiion for the discontinuation of piimai3’^ immobilization, by means of 
foul pins and plastei fixation A bimonthl3'^ loentgenogiaphic check-up is essential during 
the fust two 3'^eais 

The follow'-up peiiod m all of the cases is piobably too shoit to justif3'^ final conclu- 
sions The fact that union occuiied m eveiy case m which the delayed graft was used, in- 
cluding those cases in which le-opeiation was done, is distmct^^ encoui aging, and points 
to the effectiveness of this t3'^pe of giaft In L C , bending staited at a nan owed point m 
the tibial graft, but piompt leinfoi cement with coitical giafts (not dela3^ed giafts), at 
the site of the appaient weakness, prevented spontaneous fiactuie and bi ought about 
propel lestoiation In the two cases m which spontaneous fiactuie occuiied, it could 
probablv have been avoided, had eaiB”^ bending been detected and the aiea been rem- 
foiced In addition, if the polic3" of icinfoi cement weie emplo3'^ed cail3'- — that is, wdicn the 
giaft became nan owed 01 at the time of the incipient bending — the dangci of spontaneous 
fiacture wmuld be induced 

The tieatment of congenital pseudaithiosis will piobably nevei be entirely effective 
until the etiolog3'- has been deteimmed Osteos3mthesis b3'- bone-giaftmg still offeis the 
pimcipal means of attacking the pioblem It is the uithoTs belief that impim ements in 
suigeiy, m bone-giaiting, m bone-giaft malenal, and in hxation, piotection dunng the 
follow-up penod, iiul euly leiulouemenl of weik gialts will oftci gieatei hope oi success- 
ful tieatment and will leduce the numbei of failuies and amputations 

Note Translations of French and Italian aiticlcs wtic in idc bj Miss Marj-^ 3'^andcilioof, tlirougli tlu 
lourfcsj' of George E Bennett, M D 
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obt (111 (ISM oils iniion, it Itnsl in laih ( liildliood The icsiilts (lint he lins sliown, which I assume represent 
lonsi ciitn (' r is( s, aii' f ii In t(('i (hiiii lmv( In cii obliuncd in any other senes of which I am aware 

RoiiK' of the f icloi-s (hat ma> iiifd into (lie ii suKs u Inch he Ins obtained arc 

1 1 lie ti’chniqiu' of dtla^(d boiip-RrnftiiiR 

2 '1 lie use of tlie lenjiithemiip aiipiritus to inimobili7e, and to obtain length iihore necessary 

3 'I III tlioioiipli (Misioii of iiiterposid soft (issue and of (he abnormal bone at the site of the defect 

I n he use of a gr if( long ( nough (o e\(( nd \\( 11 across the si(e of non-union into good bone 

■) 'I he use of i grif( foi (hi fibula is will as foi the tibia 

() 1 he sti( ngdiening of (hi' in i bi additional giaf(s, uhen necessary, before fracture occurs 

Of tlus( t( chine il points, the one which wi have not used and the one which I believe is of great impor- 
t nice is th it of the del n ed bone gr ift 3 hat repiescnts an evolutional y step from the work of Orell, who 
imiilaidi d beef bone, i spi ei ill\ prepared so ns to remove the organic matciial, into the front of the tibia This 
beef bone, which he called "os purum”, stimulated the foiniation of new bone, which he appropriately called 
“os novum” Pe then (ransplanted this os novum, cither wa(h oi without the os puium Dr Moore has pro- 
duced his os novum in another wa^, with (he additional advantage that the rest of the graft is not beef 
bone, but iiitogeiious bone of a mass which gives stability 

In till transplantation of bone, onlj those cells immediatelj' in lelation wath tissue fluids survive In Dr 
Moore’s technique, tin graft is left in si/a long enough foi the proliferation of new bone w'hich, when trans- 
ferred, should jircsci \ e its \ labilitj Whether or not it does, could and should be substantiated experimentally 

Dr Moore has given Ins technique a iigorous test in the pioblem of pscudai throsis, and the results have 
been excellent Ihe question aiiscs immediately as to w bethel the technique should not be used widely in 
other conditions The objection which might be laiscd is that its use requires an additional operation and a 
period of disabilitj, prehminaiy to the transplantation of the bone Howevei, the incidence of non-umon 
after bonc-grafting is frequent enough, paiticulailj in certain conditions, so that I feel the value of the 
method must be explored in a wader range of uses The short additional time necessary at the start in this 
technique is certainh worth while if it diminishes the percentage of non-union and shortens the period of 
disabihtj’ after the tiansplantation 

It does not seem appiopiiate to discuss the relation of neui ofibromatosis to pseudarthrosis, since this 
will onlj detract from the emphasis I would like to place upon the technique which has been described This 
was an excellent paper, time will determine its full significance 

Granting that Brooks described a similai delayed giaft some years ago, it has not lived as a working 
procedure 

Dn Dali as B Phemister, Chicago, Illinois The successful healing obtained in such a high per- 
centage of cases is evidence of the merit of the procedure employed by Dr Mooie It is necessary to evaluate 
both the mechanical and the biological piinciples involved in order to decide then relative roles in the 
success of the operation 

The mechanical pnnciples all seem to be sound and, since they weie well apphed, were undoubtedly of 
great importance 

From the biological standpoint, the fracture occurs through a segment of the tibia, and perhaps also of 
the fibula, w Inch is the seat of congenital local imperfect osteogenesis Removal of the defective and often 
extensively absorbed segment, by excision of the fragment ends and leplacement by an autogenous graft 
from healthy bone, has points in its favoi, although addition of the onlay graft, wath as much as possible 
of the fragment ends preserved, helps to maintain a larger volume of bone and has long been used with 
success Sometimes the fragments are fairly well pieserved at the fiacture level, in which case the question 
arises of whether an ample onlay giaft may not work as well as complete substitution When the delayed 
graft IS used, callus forms along its periosteal and endosteal surfaces fiom surviving unossified osteogemc 
cells, during the three-week period between the cutting and the transference, this is partly fibrous and partly 
spongy bone This callus participates in the estabhshment of union, and the subsequent creeping replacement 
of the necrotic cortex of the graft by new bone After transplantation, more unossified osteogenic cells may 
survive in this callus than m the periosteum and endosteum of a fresh transplant The procedure looks prom- 
ising, but perhaps more control operations should be performed, the same mechanical procedure being used, 
but with freshly cut grafts 

Dr Charles W Peabody, Detroit, Michigan The Spamsh surgeon, Dr Trueta, who since 1939 
has been an active surgeon on the staff of the Wingfield Morns Hospital at Oxford, England, is now travehng 
m this country, and I w as recently favored by a nsit from him He mentioned some recent expenences with 
the problem of pseudarthrosis, and Dr Moore’s illustration of prolonged skeletal fixation may make pertinent 
the mention of Dr Trueta's conclusion 

Dr Trueta reported that his last four cases had been cured by the use of the Kuntscher intramedullary 

{jConltmied on page 66) 
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in M N SMI 1 ii-i'i 1 1 lisi \ Ml) iiosioN M \ss \( m >,1 n 

A joinl lias t u o ‘<111 f.K (>s mIikIi miisf He so *.I| ijj( d 'is (o Ik ahir (ofiiri(tion uitlioiit 
inlcifoioiuc' 01 impiiiffi'iiK 111 lliioiifiili tlio^K i(( s| po-siLh .iti ( 'oiiscfiiicntl\ in tlu ( I'-c 
of llio hip joint, i( is nc( (‘ss 11 \ lo cxposi tin u i I'lhiiliini and its idjuinl s| riu line- .is 
Moll as tho fc'inoi il luMcl iiid noi k In tin p ist the \*iiioiis -ipino k In s to tin liip j»)inf Ii i\( 
failed to pio])oih expose tlu' Ketihiilmu and tlu siii^eon s (fToit« hi\( hint direOirl 
rnainh it piitiil lei oiistim tion of tlu f<‘inoi il Ik id Hi i oiisliin tion of tin ai 1 1 ihiiliirn 
demands iiiti ipeh 11 exiiosun of this side of tin joint 'I In !tp|)io ii h to sm h an i \[)osiirf 
necessitates extc'iisn (> dissei tion , sini e this 1 ni he i mud out doiitc stun tm- il j)l uk s p is 
not destiuctne (l'i{i;s ] and 2) 

The skin nil ision ( xti'iids fioni the jiiiK tion of till niiddli ind intiiioi thuds of tin 
iliac ciest to the antia loi snpei nn spine^ dec i iliiif; slijripi^ 1 it i i die donp tin nn di d hordi r 
of the tensoi f isi i le 1 it n* (I iji; 
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'J lie 1)111 post Ilf tins llllllll iim is lo dt inonsli ili‘ lliu extent nf I In iisti oloiiic iiini lu mist uii t ion of tin 
nil laliiilinn neiLSs-iij fill nin!il iiilliioplnstc 

'1 111 ilol II il line H pii s( Ills tin Inn of osu nloinc , tin stipiili d an n ii ini si nts tin i \lt nt low tin li tin 
piiiDsti il miisiiiliii iittmliiiK Ills must lieu tin tut 
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Fig 2 

Aledial aspect of ilium 

The purpose of this diagram is the same as that of the preceding one It also shoii s the Ime of 
incision of the periosteum betw een the e\ternal abdominal oblique and the sartonus medially, 
and the glutaei and tensor fasciae latae laterally 

It should be noted that the osteotomy includes the inferior half of the antenoi inferior iliac 
spine 

The supeificial fat and fasciae aie incised down to the deep fasciae covering the 
external abdominal oblique and gluteal muscles, supeiioily, and the sai tonus and tensoi 
fasciae latae, mfeiioily Between the sai tonus and the tensoi fasciae latae is a fat com- 
partment, covenng the upper portion of the rectus femons By incision of the femoral fascia 
between the sartonus and the tensoi fasciae latae, a plane of cleavage becomes apparent 
between the postenoi surface of the sai tonus and the antenoi suiface of the iliopsoas as 
it emeiges from underneath Poupait’s ligament This plane of cleavage is easily developed 
by blunt dissection (Fig 4) 

Attention is now diiected towaids developing the supenoi poition of the approach 
The plane of cleavage between the abdominal and gluteal fasciae is defined and an incision 
IS made through the periosteum, down to bone By periosteal reflection of the attachments 
of the abdominal muscles, sai tonus, and Poupart’s ligament, medially, and of the glutaeus 
medius, tensor fasciae latae, and glutaeus minimus, laterally, the anterior third of the ilium 
IS exposed (Fig 4) 
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In oidei to expose the anteiioi capsule of the hip 
joint, the deep iliac fascia is divided between the mam 
oiigm and the acetabulai oiigin of the iliacus muscle 
The motoi fibeis fiom the fcmoial neive to the rectus 
fomoiis must ah\a 3 's be exposed, thej’- aie sunoundecl 
bj’' fat and he on the antciioi suifacc of the iliacus 
muscle, diiectly beneath the iliac fascia as this becomes 
confluent vilh the deep fcmoial fascia (Fig 5) 

The antciioi infoiioi iliac spine has now been 
exposed Attached to it we have the diiect head of the 
locUis femons muscle and the acetabulai oiigin of the 
iliacus muscle, medially, latcially, the icflectcd head 
of the loctus is concealed in the supia-aiticulai fat 
compaitment 

All joints have peiiaiticulai fat compaitments, 
the function of whicii is to facilitate the gliding mech- 
anism close to the joint In the case of the hip joint, 
we have such fat compaitments mediallj’’, mfciioi to 
Fig 3 the oiigin of the iliacus fiom the iliac fossa, and 

Skm incision lateiallj', between the supeiioi aspect of the capsule 

Depending upon the clin.ictci of Uit and the infciioi oiigin of the glutacus minimus Be- 

operationtobepciforincd, ihediictdon . i i i . , 

of the antei 101 hmb of the incision may tween the infciioi capsule and the iliopsoas tendon 

bevaricd If thegieatci tiochintci ibto is a similai fat compaitment, containing aiticular 

extended lateially acio^s the iliotibial bianciies liom the Kteial ciiciimflex femons aitcij 

impoitant to define these fat compaitments 
m oidei to expose the capsule with its ligaments 
By letiaction of the iliopsoas medially, the antei loi and mfeiioi poitions of the 
capsule of the hip joint aie exposed (Fig 5) The icctiis muscle and the acetabulai 




Fig ‘I 

Stiuctuial planes 

The anteiioi limb of the incision has been developed, cxiiosing the iliacus with the oveiljing mo- 
tor fibers of the fcmoial neivc The tendinous sUuctino of the lectus femons is not shown, because it 
IS embraced by the acetabulai ongin of the iliacus Supcnoilj', the musctilai peuosteal attachments 
have been reflected from the medial and latcial sui faces of the ilium 

The sai tonus IS musculai atits ongin, thctcnsoi fasciae latac is tendinous Thcieislcsstendenp' 
to fraying of the sai tonus, if the line of division is earned thiough the tendinous poition of the 
tensor fasciae latao 

Tiir jounNAU oi noM and joint sunGcn 
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Fig 5 

E\posuic of joint capsule 

Illustrations of surgical proccduics are often inaccuiate, sometimes actuallv misleading The te\t 
states that the direct head of the rectus is divided and reflected laterallj' with the Y ligament and fibrous 
portion of the capsule The diagiam shows the rectus divided and reti acted, the capsule remaining in- 
tact This does occur when the structural planes arc intact, but frequently the structures anterior to the 
joint capsule cannot be identified and then it is wise to include the fibrous capsule and the ligaments in 
the flap to be retracted lateiallv In any and all cases, as complete a synovectomy as possible is cairied 
out 

The indefinite area above the divided, reflected head of the rectus femoris represents a fat compart- 
ment Nutrient arteries enter the ilium at this level, so it is bettei not to carrv reflection of the periosteum 
below the origin of the glutaeus minimus, it is easier to put a snap on an artery in soft tissues than to plug 
a nutrient foramen Soft-tissue dissection is carried out between the glutaeus minimus and the reflected 
head of the rectus, dividing all structuies resisting dislocation 

The periosteal branch of the deep circumflex iliac artery can as a lule be identified, clamped, and tied 
Inferior to the capsule and pubofemoral ligament is a fat compartment containing venous and arteiial 
articular branches, these aie easily controlled by diathermy It is necessary to develop this compart- 
ment in oidei to be able to divide the capsule and ligaments completely, these structuies are often 
contracted and resist dislocation The iliopsoas tendon forms the floor of this compartment , it is a good 
guide to the lesser trochanter 

oiigm of the ihacus muscle are divided close to the antenoi mfeiioi iliac spine and 
leflected laterally luth the limbs of the Y ligament of Bigelow and the fibioiis poition 
of the joint capsule 

An osteotomy^ of the anteiioi infeiioi iliac spine and the anteiior acetabulai wall is 
now peiformed Attached to this bony stiuctuie aie lemnants of the fibious capsule and 
the synovial membiane, these aie all excised Avith due lespect foi the distal attachment 
of the capsule, since this is the point of entrance of the ciiculation to the head and neck 
By this proceduie the acetabulum and the antenoi aspect of the head and neck aie ex- 
posed, rendeiing both sides of the joint available foi complete reconstiuction 

Aithioplasty of any type requires dislocation of the joint In the case of the hip joint 
this step IS often difficult By saciificmg the inferior half of the inferior iliac spine and the 
antenoi acetabulai ivall, before an attempt is made to dislocate the hip, this manoeuvre is 
gieatly facilitated (Figs 6 and 7) The extent and type of reconstruction of the joint varies 
according to the condition for which the opeiation is undei taken 

The puipose of the opeiation is to cieate a joint ivith approximately noimal mechan- 
ics This supplies the clue to the fitting of the mold Noimally, joint surfaces glide ovei 
one anothei with a minimum amount of friction, consequently, the mold must be loosely 
fitted so as to allow the gieatest possible lange of motion between it and the adjacent, 
leshaped sui faces of the femoial head and acetabulum (Fig 8) 

Befoie closuie of the wound, it is advisable to tiy out the function of the joint as far as 
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Di4o{^ition of lilt Iiip 

ItisuiUMscto ittcinpt to (lisloc lit Iht hij) without fii'sl (loiiin !if 1( isl *1 ji irtiiil ost('otom\ of the 
acetabulum and excision of tin anti norpoition of theiajisult In somt tatts of malum tovie si nihs, 
with large, deformed femoral heads and osteophjdt s along the artieular margin, it is helpful to htgiii 
resliaping the head before dislocating the liip 

It is hardly necessary to point out the need of dividing the superior and inferior eapsular struc- 
tures completely 

This diagram shows an extreme displacement of the femoral head from the acetabulum It is in 
the exceptional case onl^ that such an exposure is obtained 


Deep Circumflex Iliac 
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Fig 7 

Plastic pioccduic completed 

The femoral head and the acetabulum have been icconstuictcd Their surfaces arc smooth and 
congruous “Congruous” is not exactly' the light teini, sniec the acetabulum should alwajs bo rela- 
tively large as compared W'lth the femoial head It might be bettei to saj that the surfaces of the 

nil jounxAi oi noxr ano joint sunrrni 
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]'iK 7 {Continued) 

•iclI ibuUiiu iiul du' fciuoi il Ik ul lopuM'iit sigmcnts of spheics of different diameteis, one con- 
(a\c, (ho o(lu I (on VI \ 

The foinoud luad in ij ho laino, is in in ihiin (ovu senilis, oi it may be small and deformed, and 
the fcmoril nook (oiiospondmuh shoit, as in ( ongi mini dislocation of the hip In the majority of 
hip conditions, it is \Mse to eu ite a joint sjiaei by saeiificmg bone fiom the acetabular side and 
cieatc “ in icot ilnihim ulativih laigi us compaied with the femoral head” 



Fig 8 

Fitting the mold 

Physiological icpair demands motion and a minimum amount of friction between the mold and 
the adjacent reconstructed joint surfaces For this reason the mold should be freely movable m the 
acetabulum and fit loosely over the femoral head 

The mold should be deep enough to allow' its edge to extend beyond the margins of the acetabu- 
lum If at any point the edge is inside the acetabulum, new -bone formation will grip the edge and 
prevent freedom of motion of the mold Since the normal hip is a ball-and-socket joint, all motions 
take place by rotation of one joint surface on the other However, the normal hip is a simple ball- 
and-socket joint with only two surfaces, whereas the mold-ai throplasty joint is a compound ball- 
and-socket joint with four sui faces The range of motion m such an artificial joint depends upon 
freedom of motion between all four joint surfaces If the mobility between the mold and the aceta- 
bulum for some reason is rcstiicted, it is impoitant to compensate for it by freedom of motion be- 
tw'een the femoral head and theynold In order to obtain freedom of motion m flexion and exten- 
sion, the femoral head and neck must be so shaped that they will have a tendency to a varus rela- 
tionship to the mold By this means, flexion and extension w dl take place by rotation of the femoral 
head inside the mold and w ill be Independent of mobility of the mold inside the acetabulum In 
congenital dislocation of the hip, theic is invariably a varus lelationship of the femoral head and 
neck to the shaft Patients with this condition, almost without exception, obtain fieedom of flexion 
and extension by arthi oplasty 

Osteotomy of the anterior iliac crest is done m all cases This allow s suturing of abdormnal to 
gluteal structures w ithout tension 


range of motion and stabilit}’’ aie concerned This gives the suigeon information which 
enables him to decide upon the optimum postopeiativo position and to guide postoperative 
exeicises intelligently 

The buigical pioccduie of aithioplastj'' necessiiilj’- cieates cancellous bone suifaces 
Such suifaces have a tendency to piohfeiate and cieate spins oi exostoses In oui expeii- 
ence, diathermy cauteiization dimmishes this tendency'- We, theiefoie, cauterize the mar- 
gms 01 edges of the new' acetabulum, — that is, the anterior inferior ihac spme, the anterioi 
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Fig 0 
Closure 

The divided tendon of the diieet liend of )lie lectiis issuluied to Ihe sfuniii of tin ic- 
flected head of the rectus If the lattei is not ml lel, the rectus is sutured to the central 
tendinous origin of the glutaeus inininius 

After osteotomy of the iliac crest, the wound is closed in lajers Since the approach 
follows stiuctuial planes, the closure piescnts no difTicultj 

acetabular edge, the cotyloid notch, and the posteiioi capbulai attachment to the acetabu- 
lum 

The closuie of the wound is lelativel}’’ simple, bince the appioach follows stiuctuial 
planes The direct head of the lectus muscle is siitiiicd to the leflccted head, if this has 
been pieseived, if not, it is sutuied to the cential tendon of the glutaeus minimus Bv 
e\cision of the anteiioi supeiioi iliac spine and ciest, the abdominal muscles and fascia aic 
sutuied to the gluteal muscles and fascia w'lthout tension (Fig 9 ) The deep and supeificial 
fasciae are appioximated in laj'^eis 

Because of uncontiollable oozing fiom cancellous bone suifaces, theio is consideiable 
loss of blood Transfusions aie, theiefoic, administeied fiom the beginning of the opeiation 
in 01 del to pi event seiious shock 
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V^'ASCU].A1^ NECROSIS OF LA]IGE SEGMENTAL 
VU \CTUIG': FRAGMENTS OF THE LONG BONES'^ 

in I D^\ VKI) L ( OMPl Hi!,, M D , CHICAGO, ILLINOIS 

J’roni the ])tparlmnit of Untie and lotnl Surgery, Norlhucslct n Umvcrsily Medical School, Chicago 

Dc itli of the ho id of ihc fcmui lias lesultcd fiom intiacapsulai fiactuie of the femoial 
nook oi fiom dislocalion of the hip ” 4scptic neciosis of small bones, such as the tarsal or 
caipal iLU iculai oi lunate bone, and of epiphj^ses at the distal end of the metatarsals has 
been dcsciibcd ® I’licse iic the moie commonlj’^ lecogmzed locations for aseptic neciosis 
of bone folloning liauma Dcith of Ihc bodj'^ of the talus, follon ing iracture or fracture- 
dislocition, and death of laige fiagmcnts m segmental tiactuies of the long bones have 
been dcsciibcd by Phcmistei ” but the clinical significance of tiaumatic devitalization 
of poitions of the shafts of long bones has not been iccognized by many fracture and 
oithopacdic sui goons 

Giecnbeig and Mohamed ligated the left femoial aitei}’- of lats Both the light and 
left fibulae vcie then fiactuied The fiactuic of the fibula m the leg in which the circula- 
tion had not been inteifeied vith healed piomptlj'- Theie vas “a long delay in bone 
fiactuic healing” in the fibula of the leg in which the aiteiy had been ligated The breaking 
stiength m the healing contiol bone was neail 3 '' tivice as gieat at the end of twelve days 
as Mas that of the bone in the paitiallj'^ avasculai extiemity after tventy-foui days This 




Fig 1 

Diagrammatic illustration of souices of blood supply to the more important long bones Note 
that most long bones have only one principal nutrient arterj , v Inch is fairly constant with regard 
to the site of entry Approvimately one-half of the thickness of the outer cortex of the bone is 
nourished by the very small periosteal communicating vessels A segment which is completely 
detached from the end fragments will retain veiy little blood supply, unless the nutrient artery 
IS intact and supplies this fiagment 


* Read at the Joint Meeting of The Ameiicaii Oithopacdic Association, The British Orthopaedic Asso- 
ciation, and The Canadian Orthopaedic Association, Quebec, Canada, June 3, 1048 
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Fic 2 


Photomicrogiaph (X 100) of n inicioscopic «;c(,(ion of i full-tliickiitks fibml bone graft, obi mud 
si\ months nflci tnnsplantalion for fi ictuio of llu hiinu'riis Tlit bone culls hue di^ippe ircd, 
togetheruith then nuclei, incite iling de i(h of the gi ifl 

e\peiimcnt does show that a maiked dccicasc in blood supply to a bone will delay healing 
of a fiactuie 

Biunschwig, w'hile in the Depaitmcnt of Suigeiy at the Univeisit\ of Chicago, pio- 
duced aseptic neciosis in the tibiae and femoia of young dogs by e\tcnsi\e sepaiation of 
peiiosteum fiom the bone Tins dcpiiyed the bone of initiition fiom nutiient ai tones and 
peiiosteal yessels Theie was no massiye sequestiation, but the devitalized bone was ic- 
placed by cieeping substitution New bone foimed fiom the adjacent living bone and fiom 
suivivmg osteogenetic elements of the scpaiatcd bone and peiiosteum 

Johnson has studied the blood supply to the laigei long bones He found that the 
diaphyses of the bones aie nouiishcd by (1) the nutiient aiteiy, which penetiates the 
cortex of the shaft and blanches to extend tow aid both ends of the bone, (2) the meta- 
physeal vessels, a biarching notwoik of small iitciiolcs which pcnetiate the cancellous 
bone neai the ends of the shaft and extend into the mcdullaiy tissue, and (3) the peiiosteal 
blood suppljq wdiich nouiishcs the outei half of the coitex and is least impoitant of the 
three 

A laige fiagment in a comminuted fiactuio of the femui, tibia, iiumeius, oi one of 
the bones of the foieaim may be so detached fiom suiiounding soft tissue that nutiient, 
metaphyseal, and peiiosteal blood vessels supplying the fiagment aie sepaiatcd fiom it 
(Fig 1) In such cases, the segmental fiagment and sometimes the ends of the two majoi 
fiagments aie so devitalized that they aie in the same situation as a full-thickncss autoge- 
nous bore giaft (Fig 2) Axhauseii and Bcigmaiiii show'ed that some bone cells attached 
to the peiiosteum and at least some endosteum of bone tiaiisplants sui vn e and take active 
pait in geneiating new' bone As is tiuc of the bone giaft, most of the bone (.(dls of a huge 
fiactuic fiagment die Active hypeiaenna of adjuent bone and soft fisMie follows flic 
injiiiy Some pciipheial oi supeificial bone cells suivive Othci adjacent bone tissues 
become active A vascillni fibious stioma invades the iicciotic bone and aids ni absoiptmn 

Tiir jounvci or aoNr axd joint suncERi 
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'I'lu'io '110 liif^o pli if^ni > tic 
colK \\liioli losoih do i(! mu- 
low Tills iosni])(ioii hv iin.i- 
sioii of pli!i}!;oovtos and lilnmis 
lissuo IS follow od In hollo foi- 
mation Both piooossos aio 
}i;oing on at tho saino tiino 
Tills ti iiisfoi m ition is von 
slow and inn loqiino vcais 
until now bone with Hivoi- 
si in canals and lod bono mal- 
low Ins loplacod tho old 
ncnotio bono and the mtei- 
^ eniiig callus (Fig 3) 

Phomistoi '' h lb most 
accuiatelv dobciibod this 
method of bone ibsoiption 
and leplacemcnt, he teimecl 
“cieepmg substitution” the 
piocess which Axhansen had 
pievionsly called schleichendei 
Eisatz In all instances of 
aseptic neciosis, union of the 
fiactiiic will be clelaj'^ed and 
complete healing with le- 
canahzation must await le- 
placement of devitalized bone 
by cieepmg substitution 

Phemistei, m 1930, dis- 
cussed aseptic neciosis follow- 
ing mteifeience with blood 
supply m fiactuies of the neck 
of the femur, the body of the 
talus, the calcaneus, and m 
bone tiansplants Coinil and 
Coudra 3 ’^ lepoited as eaily as 
1904 that, m expeiimental 

fiactuies, neciosis of the coitex is piesent foi a A'^anable distance fiom the fiagment ends 
This zone of neciosis is leplaced slowly by bone giow^mg m fiom the living coitex, wuth 
which it IS continuous, and to some extent fiom the adjacent callus The piocess of healing 
of a fiactuie takes place simultaneously'- wuth the transfoimation by creeping substitution 
of the neciotic bone to new' livmg bone Leiiche and Pohcaid w'eie of the opinion that the 
calcium used m the formation of callus came for the most pait fiom the aseptic neciotic 
bone at the ends of the fiactuie fiagments 

The bone which is neciotic letains a density gieatei than that of the hvmg adjacent 
bone This is so lecognized m loentgenogiams that aie made aftei sufficient time has 
elapsed to peimit atiophy of the bone which has letained a good blood supply This rela- 
tive diffeience m density is pioduced by the fact that the hvmg bone atrophies following 
the fiactuie, while the bone which is depiived of its vasculaiity is unable to atiophy, 
having insufficient blood supplj' to take awaj'' the opaque mmeial salts 

The following case lopoits domonstiate the typical couise of a segrpental fiactuie of 
a majoi long bone 


Fig 3 

Photomiciograph (X 50) of bone fiom the major fiactuie fiag- 
ments of a humerus with non-union, si\ months aftei injury The 
dead bone shown m this section is undergoing absorption and replace- 
ment by creeping substitution 



VOL 31-A ^0 1 JANUARY 1919 



50 


E E COaiPERE 


Case 1 J L , a male, aged fifty-three j ears, suffered a severe crushing injurj' to botli legs on Decembero 
1946 The fracture in the right leg uas segnienfal, with a large, full-lhicknessfragment of tibia w Inch mcluciw 
pait of the pioximal thud and most of the middle thud of (he shaft (Fig 4-A) 1 his fracture was reduce 
accuratelj' and internal fixation was secuud with metal jilites and senws Eight months later, on luh 24 
1947, there was ver^-^ little evidence of union Union was satibfaetoi 3 bj Maith 25, 1948, fifteen months aftc; 
the fiactuie However, the laige segmental ecntial fragment, which had never been completel} dctachei 
from the surioundmg soft tissue, still retained almost the same density that was present on the daj' of th 
accident (Fig 4-B) 

A more comminuted fiacturc with smaller fiagments was susl lined in the upper third of the left tibia 
These fragments were adjusted for position, and fixation was maintained with a metal plate Eight month 
after the injuries, the fractures in this leg were united 

These fiagments weie small and m contact with vasculai soft tissue, and thej’’ eithei 
letamed enough blood supply, by ivay of nutnent oi peiiosteal blood x^esscls, to survnc, 
or weie lapidlj'- tiansfoimed by ciceping substitution to new bone of lelatively normal 
density 

Case 2 J H , a male, aged foilj jeam, suffered a complex siiniilc fractuie of the middle third of the 
right femur on Maj' 31, 1946, wlien a large slab of concrete f( II, sinking him on (he right (high A 01353111 ; 
medial fragment of the femur was eomplctclj’' displiced fioni eontaci with the pioxiiiial iiid distal portions 
of the femoral shaft (Fig 5-A) Although this was icpiaeed at operation without delaehment of the soft 
parts, it failed to undergo atiopl^, but retained (he dcnsiti which we recogiiiro in tin locntgcnogranis “b 
that of aseptic necrotic bone This delayed, but did not jireveiit, union Itoentgenogiani': t iken on Januan 
17, 1947, seven months aftei fiacturc, showed that union was progiessing sIowK'- (Fig 5-B) 



Fig 4-A Fic 4-B 

Fig 4-A Case 1 These loentgenogiams show a fiacluie of the light tibia with a detached fiagnunt, 
leprescnting more than the middle third and including the complete coitical tncumfeience 
segment It is a reasonable conclusion that the nutnent aiteij was eithei luiituied or cntiiid tnc 
tibia above the proximal break, and that the middle fiactuie segment was noiiiished onb hi piiiostci 
vessels 

Fig 4-B Fifteen months aftei injui>, union has taken jilace The segmental fiagment, howivcn 
has retained gieatei density than have the metaphyseal fiagments, indicating aseptic ncciosis A - 
though union has occuried, the fiactuie ends of the metaphjseal fiagments au also of gicatei reJAU 
density than bone more distal to the fiactuie sites 

tue'journal or bone and joint subgeb'' 
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C \SE 3 A C , a male, aged fiffj 
se\en, was admitted to Chicago Me- 
monal Hospifal on March 16, 1946, 
because of multiple injuries, including 
large segmental fractures of the tibia 
and fibula, without compounding 
(Fig O-A) The fracture fragments 
were aligned and immobilized bj open 
reduction iiid internal fixation on 
April IG Approximately five montlb 
ifler reduction, on September 13, 
roentgenograms showed cxadcncc of 
bony union (I ig 6-B) 3 he patient 
w IS disebirged from care with recoi 
cry of strength and funetion of Ibis 
extremitx, April 9, 1917, tliirtexin 
months from the time of injury" Hit' 
luge stjriiieni il frignie iit sIioeM-d 
atrojihx tei a gre iter e xte nt tli in did i 
‘•imilir frigment in Case 1 

The piobabilitx that an in 
tael null lent artcix max ha\c 
‘'tipphcel this middle fiagmcnt 
was buggestod b\" the faxorabic 
coni sc of healing and bx the 
fact that the ictained dcnsitx 
x\as less than would bo com- 
patible xiith a diagnosis of total 
aseptic neciosis 

Case 4 0 B , a woman, aged forty -scx'cn, was admitted to Chicago Mcmonnl Hospital on Jaiiu iry 27, 
1948, because of an injury to the left arm Roentgenograms show eel a butterfly ty pc of fracture of the middle 
third of the humerus The separate middle fragment included only’ about oiic-third of the circumference of 
the shaft of the humerus and hence exposed a considerable amount of cancellous tissue to the scrum, w Inch is 
the ideal tissue-culture media (Fig 7-A) This patient was treated with a hanging cast, and on April 23, 
three months after the injury , the fracture was united with abundant c illus (Fig 7-B) 

It xxould appeal to be a leasonable assumption that the medullaix’ bone and the moic 
supeificially placed osteoblasts of the coitical fiagment suix’ix’cd and took pait m the 
healing of the fractuie The piognosis foi suixux’al of the detached fiagment m a segmental 
fracture is moie fax’oiable wlien the fiagment is small 

Cased A M, i woman, aged sixty-nine, was admitted to the Chic igo Memoii il Hospit il * on July 19, 
1947, because of a simple fracture of the latcial coiuly Ic of the left femur (Fig S- V) An open re luctioii and 
internal fixation by means of threaded pins and a single large screw were sueccssfully e irricd out on JuK 22 
(Fig 8-B) Subsequent roentgenograms showed cx'idcnce of marked icduction in blood supply of the ccndylir 
fragment, indicated by’ failure of the bone to become atrophied, is did the adj iccnt femoril shaft and the 
medial condyle Howex'cr, approximately’ fouitecn weeks after the injury, roentgenogr ims showed what 
appeared to be union of the fracture (Fig S-C) The patient w’as pciimtted to bear weight Subsequent 
roentgenograms showed refracture and upwaid displacement of this latcial cendy le (Fig S-D) The retained 
density’ of the aseptically' necrotic condylar fragment with areas of decreased eh nsitx lepreseiiting absorption 
and replacement with creeping substitution ue well illustiate'd 

This case elemonst Kite's llic' imjioitanee' of eonsuh'iing tlu' possibility of iseptic 
lU'Ciosis m any eh'taehcel majoi fiagmont ol a fiae^tiiie' of a long bono Immobilization 
should be maintained until theie is lot'iitgenogiaphic t'X’ideiue not only of union, but ibo 
of leplacement of the aseptically neciotu bone by oieeping substitution 

* »S( I \ )( e of Slim B inks, M D 

iiir JOURNAL or noNc xnd joint suboeri 



Fig 7-\ Fir 7-B 

Fig 7-\ Casc4 Fracture of the humerus with a fragment which 
includes only about onc-third of the tot il eortieil cireuinfe reiiie 
Fig 7-B Union with good ilignnient, three months nfte r frac- 
ture, treatment was by hanging cast The density of the* fragment 
IS similar to that of the adjacent cortex The piognosis for sury ly il 
of the more superficial osteoblasts m a small fiagment is more 
hivorable than for the segments which include a eomplete eircum- 
fcrcntial cortical fragment 




Fic S- V Fig 8-B 

Case 5 Illustrating the fate of a large condylar fragment, isolated from the nutrient aitery Open 
reduction maj have stripped awaj some of the icmaining periosteal and metaphj'seal vessels 



Fig S-C Fig 8-D 

Fig 8-C This roentgenogram shoiis evidence of union, fourteen veeks after fracture, but the 
lateial condyle has retained the density that is typical of aseptic necrosis 

Fig 8-D lATien the patient attempted to walk, refracture occurred (Courtesy of Sam W Banks, 
MD) 


COMMENT 

With leasonable ceitamty we maj'- predict a marked dela}"- in union of large segmental 
fractuies of the mid-shaft oi ends of a majoi long bone The laigei the separate fragment 
m a segmental fracture m a long bone, the pooler the prognosis from the standpoint of 
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Viability of that fiagment In the event that a fiagment is paitially devitalized and doei 
not letain enough intact blood vessels to maintain a leasonable exchange of arterial ant 
venous blood, some of the bone cells will die If most of these cells die, the fragment i\il 
become neciotic, although massnc sequcstiation does not occui Union maj’’ then bi 
delayed foi many months With good fixation, hovcvei, healing of the fiactuie vill taki 
place befoie the laigc fiagment has undeigone complete leplacement b}’- cieepini 
substitution 

If a pimcipal nutiient aiteij’^ lemams umnjuied and supplies the laige segmenta 
fiagment, aseptic neciosis may not occui, and the piognosis foi undelaycd healing of thi 
fractuie is good 
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DISCUSSION 

Sliored C \ritai. Ffmorai lu’ii’insis 
{Couhnutd Jiom yaqr 22) 

the epiphysis, but also to put two giafts acioss the outside I think a giaft thiough the centoi of the cpi 
phy'seal line cannot be depended upon to cause fusion of the c])iplnsis 

Finally, I think these hips should be fixed with a Smith-Pet ci sen nail just as eaily as the slipping can be 
demonstrated I think they ought to be peinutted to slip a little, otheiwise hqis will be nailed that inaA not 
have slipped Just as soon as the diagnosis can be made, they should bo nailed You should not depend upon 
walking w'lth clutches to prevent slipping In the past two y cais, I have seen slipping otcui in two hips wink 
the patients y\ere using dutches, both of them had slqiiied to a jioiiit wheie I thought I had to nail the lap, 
yyith lesulting modeiate defoiinity^ I was afiaid to take off the head bee auso I had seen aseptic neciosis occur 
in tw'o cases It is quite difficult to get a bone peg in position 

I think in putting the nail in aftei the hip has begun to slip, you should put it as fai posteiioi in the 
nock as possible I notice that some of these nails just leached the top of the epipliy seal line J he nail should 
extend well into and fix the head 
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TREVl'iMENT OF THE NECROTIC HEAD OF THE FEMUR IN ADULTS* 

ni DVLLvs H piinMisrnn, m d , Chicago, Illinois 

Frotn the Dcpnilmcnt of Surqertj, The Unwcrsily of Chicago 

'\^ ith the icccnl advance in knowledge of mjinies and diseases of the hip — and espe- 
cialR with the gioat inciease in the incidence of bony union following pinning and wiring 
of flesh fiacUiies — aseptic oi ‘i\ascvilai ncciosis of the head of the femui has come to be 
iccognized as one of the most impoitant and peiplexing pioblems which confiont the 
oithopaedic siiigeon Although aseptic neciotic lesions m adults are similar to those of 
childhood and idolcsccnce, the diffeiences aie sufficiently great, particularly wath lef- 
eicnce to spontaneous lepaii and tieatment, to lequne sepaiate consideration 

Ase]itic ncciosis of the head of the femiii m adults results fiom interiuption of the 
ciiculation by eithei plij^sical injuiy oi non-tiaumatic occlusion of its blood vessels® “ 
injuiy being a moie fiequent cause than occlusion Of the physical mjuiies pioducing 
aseptic ncciosis of the head, fiactuies of the neck of the femui compiise the great majoiity, 
the lemamdei being dislocations and plastic opeiations designed to lestore mobility of the 
hip joint Of the non-tiaumatic lesions pioducing neciosis b}’’ occlusion of the vessels of the 
head, the one best known is caisson disease, in this condition, mtiogen gas, liberated fiom 
the blood and tissue fluids b}'^ too lapid decompiession, somehow' obstructs the circulation, 
eithei bj' embolism oi bj' compiession of the vessels of the bone by gas w ithm its medullary 
tissues The head of the femui is usually involved in multiple infarction of the epiphyses 
and diaphyses of the laige bones The othei obstiuctmg vasculai lesions are more obscuie 
and difficult to identify, but must lesult from embolism, thrombosis, or obhteiatmg vascu- 
lar diseases Thej’’ produce similai necrosis in the head of the femui, either alone or in 
association with infarcts of other parts of the skeleton 

Interruption of the blood supply to the head of the femur in adults causes death both 
of the bone and of the oveifymg articular cartilage, w'hereas in children all or most of the 
cartilage survives by nourishment derived from the synovial fluid Such interruption of the 
blood supply may impair the hip joint by increasing the frequency of non-union of fracture 
of the femoral neck (if that is the cause of interruption of the capital blood supply), by 
production of pathological fracture and of collapse and disintegiation of varying amounts 
of the w'eight-beaiing necrotic portion of the head, and by causing late degenerative 
arthritis of the hip 

In general, a fracture of the neck of the femur unites more frequently if the head re- 
mains alive This is because there is callus formation from the end of each fragment w'hen 
the head survives, but only from the end of the distal fragment w'hen the proximal or head 
fragment dies In a senes of forty-nine cases studied before the efficient modern tech- 
niques for obtaining bonj' union by pin, threaded ware, or screw' fixation of the fresh frac- 
ture w'eie in common use, non-union was observed four times as frequently w'hen the head 
died as w'hen it remained alive Some degree of degenerative arthritis usually develops m 
the hip joint, independently of w'hether or not an associated fracture of the neck unites or 
the dead head collapses With improved methods of reducing and fixing fresh fractures by 
means of nails, sciew's, and threaded w'lies, bony union is obtained in the majority of cases 
m w'hich the head fragment has been killed at the time of fracture by tearing of its blood 
vessels'* Collapse of a portion of the necrotic head of the femur takes place as a result of 
pressure upon it from the acetabulum This does not occur if the fracture of the neck re- 
mains unumted, since then the head cannot bear sufficient weight, but a gradual invasion 

* Read at the Joint Meeting of The Amencan Orthopaedic Association, The Bntish Orthopaedic Asso- 
ciation, and The Canadian Orthopaedic Association, Quebec, Canada, June 3, 1948 
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Fio 1-A 



Fig 1-A Cis( 1 Fiiutiiu of III ( k of f< mill and niiiosis of Iw itl of mm montlis’ fluration Non- 
umorv of fiactuu and jinibal it pint nit nt of lowoi jioilion of huvd In m w liom of low dt'n‘'it\ IiimI 
shows HK ntgi'iiogiam of sli(( of a similai di id lu id lonfiimid i)\ mi(io'<(opi( i\iminition 
Fig 1-H One w( ck aftti ojici itioii 


of such a neciotic head by blood vessels and osteogenic tissue usu.db occuis bv wai of 
untoin poitions of capsule, the lound ligament, and adhesions, and a vaiiable amount of 
the dead bone becomes leplaced b3'’ a less dense disuse typo of new bone Dining the fiist 
tivo 01 thiee yeais the head is usually so well pieseived that opeiatnc ticatment and 
pioper postopeiativc piotection may bung about bony union of the fiactuie fiagments 
leplacement of the dead tissues by living tissues without collapse, and a good functional 
result 

Using Compel e and Lee’s technique of open i eduction of the uminited fiactuic and 
fiAation by two tibial bone giafts and thicaded wiies, the aiithoi placed the dull holes xnd 
inseited the lectaiigulai pegs into the ncciotic uppei half of the head of the femiu in Case 1 
The patient was opeiated upon nine j'-eais ago 

Casc 1 H a , a woman, fift;y-two \cars old, had had an unnmtcd fiacfinc of the neck of the left femui 
foi nine months Rocntgcnogiaphically, the ui)])ei ])oition of the head possessed an even clcnsitj which wi’! 
slightly gieatei than that of the atioiihic hone of the tiochnnteiie legions Most of the lowei ]30ition of the 
head show cd mai ked blotehj leduetion in densit\ (Fig 1-A) A diagnosis was made of death of the head with 
blotchy rcvasculai ization and leplaiement of its lowei iwition b^ fine spong\ new bone Tlic pictuic 1 =^ 
somewhat similai to that of the inset on Figuic 1-A, whuh shows a loentgenogi im of a slice of dead head 
excised m a case of non-union of ten months’ duiation Mieio-.eo|)ie!ilb , the densi aiea above and latoralh 
consisted of old dead bone, and the laiefiecl mfeiioi poitioii had been lejilaced bj finch tuibeculated new bone 

Thiough a Smith-Peteisi n incision, the fiaetme was icdined and two ono-eeutimotei dull holes were 
made to converge fiom the sidi of the shaft thiough the m ck and deep into the h m lining ipipei portion of 
the head One was placed just beneath the aiticuhu loiti \ of the ujiiiei poitions of the neek and head The 
dull lemoved a pi opoi tionately laigi amount of the lemtumng neeiotu head Rcctanguliu tibial bone graft"* 
weie inseited into the dull holes, tho> acted as stmts to pii vent (ollajise of the head and to budge tlie/ne' 
ture hue The icmaining space m the dull holes iieiinittid ujiwaul giowth of eallus from the neck into the 
head, with invasion of the lemainmg dead bone and lejilneement b\ new bone The thioc thieadod wires 
inserted thiough the head and neck, gave lulditiounl fixation of the fi utim (Fig 1-B) 

A loentgenogiam at the end of two months icvcaled evidoiuc of honx union of the fiactiue fiagnicnt' 
(Fig 1-C) The patient continued to walk on ciutehes until eight months aftei the ojieiation, at winch time’ 
roentgenogi am levealed extensive icconstiucfion of the ujijici poition of the head (Fig 1-D) The thrende 
wiics weie then icmoved, since one of them piojected into tlie joint Walking was lesumcd with no 
eomfoit, and thcie was a good letiiin of function Tlieic was looiitgenogiajihie evidence of piogicssivc r^ 
plaicmenl at ten months (Fig 1-E), thiiteoii months affci oiieiation llie uppei poition of the head 

nil jounsAi oi noM ' and joint sunern' 
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Fig 1-C Fig 1-D 

Fig 1-C T«o ind tliicc-qu iitcis months after oiieiition 
Fig 1-D Eiglit months aftci operation 



Fig 1-E Fig 1-F 

Fig 1-E Ten months after optiation fiaetuie has united and head shows extensive leeonstiuition 
Fig 1-F Seven and one-half yeais after operation, the roentgenogram shows reeonstiuetion of tlie 
held without collapse, there is a minimal degiee of arthiitis Function is excellent 

noi mal in contour and, except for parts of the gi afts, appeal ed to have been entirel j rceonsti ueted Fi om f h i( 
time onw ard the function of the hip joint w as normal, aside from ver3’^ slight limitation of flexion , a roentgeno- 
gram taken seven and one-half jears after the fiist operation revealed a similar appearance, with no collapse 
of the weight-beaiing portion and with minimal arthntic changes in the joint (Fig 1-F) 

The cMcIence indicates, fiist, that the diilhiig not 011I3" lemoved much of the dead 
bone, but also peimitted lapid inx asion and tiansfoimation of that Mhich lemamed in tlie 
uppei poition of the head, and, second, that the bone pegs sen ed to piet ent fractuie and 
collapse of the head as well as to facilitate union of the fractuie 

Bone-diilhng and bone-pegging opeiations have usuall}'^ been done piimaiib' to obtain 


\or 31 A NO 1 JAVUAin IJIO 



58 


D B PHEMISTLU 


bon}’- union of the fiactuie * ^ whethei fiesh oi unumted, and the giafts have most fre 
quently been placed loughly in the cential poition of the head, whether it is dead or alne 
Both threaded vires and pins and nails, as the Smith-Petciscn t3'pe ', have been used for 
additional fixation of the fiactuie A cuisoiy icvieu of loentgenogiaphic illustiations ol 
some of the published cases levcals that, vhen the head is dead, it sometimes become 
transfoimed aftei bony union and does not collapse, vhfle in othei instances, piobabh 
moie fiequently, it collapses and a pool lesult is obtained Since the excellent long-tcm 
lesult obsened in Case 1 , pieMously lepoited bv Shciman and Phemistei, thiec additional 
patients vith non-union, neciosis of the head, and ciosion of the neck have been operated 
upon vithin the past thiilcon months bi the ins^'ilion of a single giaft and tliice tliieaded 



Fig 2 


Fig 3 


Fig 2 Sketcli of healed fiactuie of neck and neciosis of head fragment with refi ictuio and collapse 
from w eight-beanng when the weak pait of the 7onc of creeping substitution reaches the upper margin 
of the head, beneath the latcial margin of the acetabulum The downw ud and mednlwaid course of the 
fracture line vanes wath the extent of invasion of the lower poition, as indicated b^ the lines The line 
nearest the neck has been sketched fiom Fig 3 

Fig 3 Microscopic section of excised dead head and pioximal portion of neck, including old subcapital 
fracture site (Case 5 of Sheiman and Phemistei) Refracturc and displacement thiough rone of replace- 
ment of head, extending from beneath maigin of acetabulum above to maigm of aiticular cartilage 
below (nineteen months aftci iiijui}) 


wiies mto the cential and uppei legions of the head Tlie fiactuie has united in all case' 
and theie has been extensive invasion and tiansfoimation of the head, but the time 
been too shoit foi the end lesults to be known 

In dulling operations alone ® ®, peifoimed foi enhancing bony union and foi icplace 
ment of dead bone, the multiple dull holes have been moic oi less evenly distiibiitcd 
within the head and neck 

If non-union pcisists foi thiee oi moic ycais, the dead head fiequently becomes so 
extcnsivel}'- disintegiatcd and adheient that bony union of the fiactuie and good lap 
function cannot be obtained by opeiation Tieatinent of such neglected cases should 
usually be by excision of tlie head and the pcifoimance of some type of plastic icconstiuc 
tion opeiation ^ '•*, oi by ank5dosis of the hip 

The tieatment of aseptic neciosis of the head of the femiu, m cases in which the ncc j 
IS intact, may be appioached in a mannei similai to that which has just been desciibedfof 
unumted fiactuie of the neck of the femui with neciosis of the head This includes cases I 
which the neck has been fiactuied and has undeigone bony union, as well as those in a ( 
the neciosis was caused by dislocation of the hip oi by vascular occlusion If the hip^'^ j 
protected foi the fiist two oi moie 3'-cais b}-- avoidance of weight-beaiing, the head mar | 

TIIE JOUnXAI or hone AXD joint SUKC I 
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Fig 4 

Photonucrograph (X 12) shows zone of creeping substitution of dead bone of head by new bone in a 
case of unumted fractuie of nock of fcmui of eight months’ duiation 
A Creeping substitution of dead tiabeculae by temporarily weal^ei new trabeculae, and differentia- 
tion into fattj' and hemopoietic mariow 
B Creeping invasion of fibi ous callus 

C Dead bone and dead marrow Trabeculae laigei than those in Zone A 

ivaded and leplaced bj' new bone without change in contoui Such abstinence from 
eight-beaimg is laie, however, and theie is subsequent fiacture of the head m the great 
lajority of cases, vith moie oi less collapse and dismtegiation of the broken-off necrotic 
ortion The patient usually walks w ith little oi no difficulty foi six to eighteen months 
fter the occuiience of the neciosis During this time it is usually difficult to diagnose the 
Tesence of neciosis loentgenographically, because the contoui of the head is normal and 
here is little diffeience m density between the dead bone of the head and the neighboring 
iving bone which, being used in weigh t-beai mg, shows little atrophy of disuse Then 
;radually mcieasmg pain, weakness, and stiffness m the hip are experienced, a roentgeno- 
:iam shows fiacture and begmnmg collapse of the iveight-bearing portion of the head and 
(lore definite reduction in density of the living bone of the trochanters, resulting from 
lisuse 

Usually the fracture and collapse occur ivhen the slow process of invasion, absorption, 
md substitution of new bone from the neck approaches oi reaches the lateral maigin of 
he uppei portion of the head, this portion is in contact with the acetabulum, and the 
lew bone receives the weight transmitted from it The damage occurs heie because the 
lewly formed bone m the zone of creeping substitution is, for many daj'-s, weaker than the 
)ld dead bone ivhich it has replaced, and it mil not mthstand weight-bearing during that 
leriod This occurrence, ivhich is appreciated all too little, is the crux of the collapse prob- 
em The narioiv zone of new bone is fractured and the remaining dead bone is displaced 
iowmivaid b}'' pressuie from the acetabulum Fracture and collapse may happen aftei 
miying degrees of invasion and replacement of the lower portion of the head (Fig 2) 
Dccasionally the fiacture line and the displacement run dowmward through the head, from 
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the acctabuLii maigin at tlie uppei limit to 
the junction of tlie head and neck on th 
undei sill face This is shoira by the unbroken 
line of Figuie 2, which was sketched fiom the 
micioscopic section shown in Figuie 3 Usiialh 
thcie IS moie lapid invasion in the lower region 
than in the uppei , and the line cm vcs raedialh 
and tei minates <ibout the level of the fovea or 
nioie fieciuently, somewhat highei 

Figuie 3 shows a micioscopic section of 
the head .uid pioximal poition of the neck of 
the femui, excised nineteen months after an 
impacted subcapital fiactuie, which caii'cd 
nc'ciosis of the pioximal fiagment and 
followed by bony union The iinasion and 
u'placemcnt by new bone had lecently leachcd 
Fio 5 the top of the head at the acctabulai margin 

Skctcti of drilling and pegging of lit Cl otic lu'iul and had extt'uded downwaid into the margin 
in vanous Stag&s Ingiowths from net k ilongsidc of the head below V fiactuie had occurred 
the grafts and from round ligamtnt litlii to it- <• i i „ 

place dead bont and caitilagc thiough the naiiow zone of weak new bone in 

the zone of ciccping substitution, and the dead 
poition of the head had collapsed fiom piessuie against the acetabulum Micioscopic 
examination, pieviously lepoited icvcaled ncciosis of both bone and cartilage m the 
head, pioximal to the new fiactuie line, except foi some invasion fiom the foxea and re- 
placement of some of the aiticulai caitilage infenoi to it bx" new bone and mairow The 
dead caitilage ovci the living bone of the top of the head, lateial to the acetabulai margin 
had been replaced bx'’ hbiocaitilagc 

If there is eailj'’ lexmsculanzation and new -bone icplacement of the medial and m 
feiior portions of the head, oi if the mfciioi portion is not killed, as in some cases of caisson 
disease, a bowl-shaped fiagment of the uppei and ccntial portions may bicak off Figuie I 
shoxvs a microscopic section of a zone of ciecping substitution, thiough which the patho- 








Fio 0- V I'^io (i-B 

Fig O-A Case 2 T\\('iit\ moiillis |)iim)ii\ ii>ulmg, fiactiiio has united Dead head is slight!' 

moic umfoim and dense than living tioLhantOiie legion, which is atiophic fiom disuse , 

Fig G-B Seven months latei, inns aic woiking out fiactuie has oicuned at junction oi ‘ 
and ncik, with slight downward displiu einent of head 1 lodianti is me still inoie atiophic, wniic 
H tains former density, indicating that it is dead 

Jill lOUIlNAI 01 1K>M AM> JOIN! SI II' ’ 




rrc G C Fig 6-D 

Fig 6-C Two months iftcr oiiL'iation, finctuit has united 

Fig G-D Ri\ months ifter oiitration, lieid is extensively transfoimcd 



Fig 6-E Fig 6-F 

Fig 6-E Seven and one-lialf months after operation 

Fig 6-F Twelve and one-half months after operation, the head has apparently been replaced 
bj new bone w ithout change in contour 

logical fiactuie takes place if weight is thrown upon it C is the dead bone of normal den- 
sity, B IS the zone of invasion of the cancellous spaces by hbious callus, and A is the zone 
of metaplasia m which the fibi ous callus becomes diffei entiated into cancellous weak nen 
bone and maiiow, simultaneously with absoiption and leplacement of the dead trabeculae 
The eaihest sign of aseptic neciosis of the head m the presence of an intact femoral 
neck IS usually the begmnmg downwaid displacement of the broken-off weight-bearing 
poition, 01 in some cases the roentgenogiaphic evidence of greater density of the non- 
atiophic head as compaied wnth the ati opined living bone of the trochanters 

Experience in Case 2 suggests that, as soon as the presence of necrosis of the head of 
the femui can be established m this gioup, dulling and bone-grafting should be carried 
out m a mannei similai to that piactised in the case of ununited fracture of the neck and 
necrosis with little disoigamzation of the head, and, if performed before there is downward 
displacement and ei osion of the broken-off poi tion, a successful outcome should be obtained 
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Case 2 E M , a ^\onian, sl\t^ \tiis old, sustained a fraituu of the neck of the nght femur, thelm<' 
passing upward and outward fiom just distal to the inid-poition of the inferioi eorte\ to the supenor cortex 
near its junction with the head TIk fiacture was ticated initi dlj hj elosed n duetion and fixation with sted 
nails, bonj' union followed The p itient w dked with two eiutehes for ihout i jear, and then with a crutch 
and cane The hip was mobile and almost painless, but weak, at the end of twentj months At that time a 
roentgenogram (Fig 6-A) leve dtd a shoitened ncek, iinji u ted be low, and bony union of the fracture Thca 
was recoastruction of the lower poition of the iiioMinal frigment of the neck ind i uniform shadow of mol 
of the head of the femui, which w is shghllj iiioie dense than that of the idjae ent atiojihie living bone of the 
trochanteric regions These findings were indie itive of in unreplaced necrotic he id and of replacement o' 
the neciotic head fragment of the neck 1)3 new bone, invading across the he iled fracture Walking with a 
crutch was continued, but the hip soon bi>cune jiainful ind weak, and the use of two erutches was resumed 
A roentgenogram taken seven months later (Fig 6-Ii) levealed oMelence of an irregular line of pathological 
fracture, extending downward thiough the' 1 iteral margin of the- articular surface of the head, l 3 ing beneath 
the acetabular maigm above, to the junetion of tlw he id and neck below There hid been loosening and 
slight extrusion of the pins and slight dow nwaiel ehsjilae e memt of the ele id lieael The shadow of the trochan- 
teric regions was more reduced in densiti , since it had uiiele rgone further ehsuse atropln , while the dcnsitx of 
the head w as unchanged The fracture had take n jihiee through the /one of iiuiusion and replacement of the 
dead fragment hy new bone, when its upjici jioition re leheel the margin of the aeet ibulum and weight M 
upon it 

At operation, the pins weie driven cleeiiei into the heiel, anel two holes were drilled through it with a 
one-centimeter drill, one being beneath the jiiiis md the other above, each penetr iteel the he id anel extended 
into the joint Rectangulai bone grafts, taken fiom the ojiposite tibia, wc le inserted into the holes The upper 
pm and giaft extended acioss the joint and wcie withdriwn to just within the he id It was ])ossible for 
fibrous callus to grow alongside the rectangular grafts m the dull holes, u ros-, the line of ji ithological frac 
ture, and to invmde and replace the remaining do id bone bv new bone, anel foi fibrous tissue to grow out onto 
the articular cartilage, which becomes ibsorbed and replaced bv fibroc iitilage This is shown as pirt of a 
composite sketch (Fig 5) 

Roentgenograms taken two months and six months after oiierition (Figs G-C and G-D) show evidence 
of bony union of the fracture, and subsequent loentgenogiams up to twelve and one-half months after 
operation (Figs G-E and G-F), reveal a giadual lepl lecmcnt of all ele id bone bv new bone wathout change in 
contour of the head The hip is iiainlcss motion is almost noimil and jiartial weight-bearing has recenth 
been resumed * 

The lesult obtained is thus fai similai to that in Case 1, and the two cases indicate 
that the opeiativ'e pioceduie is based upon sound piinciplos 



Fig 7-A Fig 7-B 

Fig 7-A Case 3 Tw ent3 -five months aftei finetuie, limb was being used m walking and little clif 
ferenee in density was appaieiit between head and tioehanteis * a nl 

Fig 7-B Eoui and one-half nioriths aftci dulling, pegging, and ic-wning Fineture has umtea, a 
though line was not exposed oi callus elenned out Uppoi tibml graft does not cntei top of head 

* Seventeen months after ojk ration, the contour of (he head was still intact 
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111 C iM' 3, Mifli uiiuni({'cl fiacluic of (ho neck and death of the head, the upper giaft 
w IS omu'd uMoss (lie uiuiniled fiaeliuc line lo the maigin of the supeiioi poition of 
(lie hold, wliilo (ho lowoi gi ifl ponc(ia(cd (he head deeply The fiactuie united, but the 
(op of (ho iindiillod and iinpoggod head bioko domi aftei sixteen months, and an unsatis- 
f ic(oiy losiib h is boon ob(ainod 

C\si 3 I'"' S , I woiii'in, si\t\-si\ oh!, had a subiaiJital fricturc of the neck of the right femur 
Tri itnitnl w >s in ojK'n u dud ion, fixation with thiee tiircaded wiics placed close togcthei, and onlay chips 
fioin the iliuni u lo'''' the fi u tUK* line Densitj studies m subsequent roentgcnogiams indicated death of the 
he id Non-union it suit i d, ind the neck gisduallj shoitencd as a lesult of erosion of fragments from walking 
Figu’e 7- V diows the condition twent\-five months aftci iiqurj Through a lateral incision, two additional 
wires weie iii'-crti d uross the net k into the head, aftei which the thiec old wires were removed A one-centi- 
nitti i tlrill w IS till n nisei ttd dong the jiathwaj of the old wnes thiough the head and, as a result of miscal- 



Fig 7-C Fig 7-D 

Roentgenograms show union of fracture and progiessive transformation of lower portion of 
head 

Fig 7-C Nine and one-half months after opeiation 
Fig 7-D Sixteen and one-half months after operation 



Fig 7-E 


Tw'enty-tw o months after operation Roentgenograms show breaking down and absorption of 
top of dead head, into w hich the upper graft did not extend 
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culation, foi a shoit distance into the acctalniluin The aituulai taitil igo of tlie licad was thus open tom 
vasion and leplacement fiom the dull hole A icctangulai hone giaft fioin f he tibia was inseited deep into the 
Ik ul A second hole, dulled thiough the uiiiiei jail I ion of flu neuk, (\teneleel foi onl\ i shoit elist inec iiitu 
the ht( 1 d iioition of the he id iiid i smiil ii honi gi ift w is mse i le d t hi' h iigt li eef t he hole hiiih hnilping 
the li utuie line 'I'his h ft flu iiiiiKi iioif ion of the d< ul hi id mt let I'lii fi iitiiie iiniteil proni|)th , elisintc 
the 1 le t th it the liietuie line' w is not e xiiose d oi e uii'tte el (h ig 7 -H) 

The p itient w ilked with i e me ifte i foiii months, anel the w lies we le le move d aftei e ight inoiitks The 
middle and lowei poitions of the head weie gi leltialK tMiisfoimed (Fig 7 -C) Fair liij) function was re- 
gained with relativel}^ little pain, and the contoui of the top of the ho id was normal, sixteen and one half 
months aftci the last operation (Fig 7 -D) Peiin and stillness then develo])od anel the patient soon resumed 
the use of Clutches The pain continued, iiid twentx-two months aftei the second operation, roentgenogram 
showed bi caking down and absoi])tion of the toji eif the head (Fig 7 -E) 


A similai lesult was leccntly scon in a pal lent (loatecl clscwheie bj'’ thieacled pins 
and a bone giaft inseited thiough the ccntei of the liead Had dulling and inseition of 
the bone giaft thiough the entiie length of the uppei poition of the head been earned 
out, the lesult might have been compaiablc to that obt lined in the fust two cases 

In the piesence of an intact femoial neck, cases of long-standing neciosis of the 
head wuth maiked collapse, dcfoimit}'’, and degcneiatne aithiitis may lequiie tieatment 
by some type of plastic pioccduie, such as the \ itallium-cup aithioplasty, oi b^ aithrod 
esis of the hip 

In cases w'lth peisistent dead bone and less extensive dcfoimit'v , an endeax oi max be 
made to obtain leplacement of the neciotie aieas b}'- new bone, and impioxement in the 
stiuctuie of the head by dulling and bone-pegging pioceduies diiected at the neciotic 
bone Two such patients hax^e been opeiatcd upon, then histones will be biicfly lecorded 
here, although the time elapsed is too shoit foi the end icsults to be known 


Casl 4 R T , a male', aged tliiitj-oiie, was admitted to tlie Clime thice icars aftei he had sustained 
an mtiacapsulai fiactuic of the neck of the light femui Fiimai^ fixation of the fiacture hid been accoin 
phshed by means of a Smith-Peteisen nail, inseited thiough the uppei portion of the neck and about one-hali 
the length of the head Bonj' union followed, and use of the extiemitj was lesumed with almost complete 
freedom from sjmptoms Twentj-niiie months aftci the opeiation the patient began to haxe pun, weakne'^, 
and stiffness in the right hip, which piogicssed slowb A locntgciiogi im on admission levealed union of tlu 
ceivical fracture and evidences of tiansfoimation of the infeiioi and lateral portions of the head into new 
bone The supeiioi poitioii of the head, medial to tlie iiiaigin of the acetabulum, was bioken off above tlif 
point of the nail and was sepaiated by a rone of i educed dcnsitj , compatible w ith non-union It cast a slighth 
denser shadow than the adjacent tiaiisfoimed bone, and wasslightlj displaced downwaid At opeiation tin 
nail W'as lemovcd and the old channel was enteicd with a onc-ccntimctei drill, which was earned thiougl 
the detached poition of the head A second dull hole was made, beginning just below the fii-st hole and bcinj 
earned slightly backwaid and upwaid into the posteiioi part of the detached poition Rectangular tibial 
bone grafts weie inseited into the holes Rotntgcuogiams icvcaled that the giafts extended acioss the iin 
united fiactuie line, but not thiough the cntiit thickness of the iicciotic aica to the joint suiface 

The patient has been kept on dutches foi seven months, and senes of louitgt nogiams liax^e shown 
evidence of budging of most of the uiumitcd fiactuie line, but the fiagment docs not xet appear to bo com 
pleti'lv leplaccd by now' bone 


Case 5 F B , a male, aged thii ty-eight yeai s This jiatient had been follow ed foi tw elve 3 c'lis, bcrnius; 
of slow ly pi ogressive fibi ocystic disease m the head of each fcmui , moi e mai ked m the i ight, w hei c t hero w a' 
extensive degenciative aithiitis Soiial 1 oentgenogi ams showed what ajipeiied to leive been a kige <11 ci of 
aseptic neciosis at the top of the light head, oveilymg a cax'itj wliuh had caused it to bieak off It luff 
oiganired slowly, but a poition appealed to be still sepaiated bj an umimted fiactuie line In the past two 
i'eam, similailx', the thin loof above the caxutj in the top of the left femoial head had bioken off and appcirc 
to be collapsed and unumted The left hiji was only slightly impaiitd, but theie was maikcd limitation 0 
motion, modeiate pain, and i oentgenogi ajihic cvidenec of dcgcneiatix'e aithiitis m the light hip 

Five and one-half months ago the left hip was ojiciated uiion Tw o holes, each one ccntimetei in diaiiio 
tci, weie drilled the length of the neck into the paitl3' scleiotie, jiaitlj' cystic aica of the iiiipci portion 0 t o 
head, and lectangular tibial bone giafts weie msoited almost to the aiticular coitcx Two weeks latcr^ ^ 
light hip w'lis opeiatcd upon A hole was dulled the length of the neck onlj', and aimed at the medial 
of the neciotic unumted fiagment at the toji of the head A ciiculai dull was then used and earned t 
into the joint, theiebj obtaining a eoic of the aiea foi micioscopic examination A second hole w'as dri 
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O'"! 

hiKinmiig jusi hi'low (lit fifst ind uiiiK’ii (IiioukIHIio nedv ])<)slc'Uoi incl latcial to the fiist Again \Mth the 
(iirul 11 (lull, 1 cou' w is eiit, o\(ciKhng fin, length of the head into the joint Rectangular tibial pegs vtie 
insi'iti'd the length of the holes Senes of loc iitgeiioginiiis hiu'c shoiMi that the giafts have become attached 
to the hioKiii-off fi iginent wliitli is uiideigoing tiansfoiin ition and fusion vith the head 

1 he ( inmvlaUd drills and guide unis and the cneular biopsy dulls and obtuiator aie shown in Figuie 8 
'I he nsnll* of biojis^ of the In id of the femur by this technique will be published in a later report 



\bove, modified Albee di ills and guide w ii cs Below , circular dulls and obtui atoi foi obtaining biopsy 
specimen from head 


SUiMMAUI AND CONCLUSIONS 

Two cases of ncciosis of the liead of the femin, one associated wuth an ununited 
fractuie of the neck and the othei with an ununited fiactuie at the junction of the head 
and neck, wdiich developed aftei healing of a piimaij’- fractuie located distally in the neck, 
w'ere treated by dulling tw^o holes acioss the neck and uppei poition of the head and the 
insertion of a rectangulai tibial bone giaft into each hole The fiactuies united piomptly 
and the uppei poition of the head w as lapidlji- invaded and leplaced by new bone, thereby 
avoiding collapse of the head fiom w^eight-beaiing In one patient, function w^as restored 
practically to noimal and theie w'as little loentgenogiaphic evidence of degenerative 
arthritis, seven and one-half yeais after operation An equally pioimsing result w^as 
present in the other patient at the end of tw'^elve and one-half months 

In a third case of ununited fiactuie wnth death of the head of twm years’ duiation, 
the low^er bone graft w^as inserted acioss the fiactuie line deep into the head, while the 
upper graft was inserted only to the maigm of the upper poition of the head Bony union 
occurred promptly, but, beginning sixteen months aftei operation, the upper portion of 
the head, w^hich had not been dulled and supported by a graft, underwent collapse and 
absorption, and a poor functional result was ob tamed 

The cases present evidence that dnlling and bone-pegging of the uppei portion of 
the neciotic head of the femui which has undergone little oi no collapse may inciease 
the rate of transformation of the structure into living bone, shoiten the non-weight-beai - 
mg period, and decrease the mcidence of collapse, deformity, degenerative aithiitis, and 
pool functional results 
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DISCUSSION 

Congenital Pseudarthrosis 
{Continued from page S9) 

sphnt These w ere jmung children, most of w hom had had pne or more pre^^ous grafting operations In tluw 
months all had solid bony union w ith a large amount of external callus 

Dr Trueta’s .explanation of this m as cssentiall 3 " as follow s The lesion is the site of a constant deformm" 
tension of the posterior soft tissues, w luch introduces a disturbance of immobihzation before a graft alone or 
new -bone formation can be strong enough to withstand it He believed that the entire bone length of the 
intramedullaryj^sphnt, Obtained -without stenosis of the medullarj circulation, allows such complete im 
mobihzation as to permit noimal callus formation to develop to effective maturitj' 

It seemed to me that this theorj’- and the results secured confirmed the value of e-rternal immobihzation 
m the achievement of Di Moore’s brilliant and promising results in this otherwnse discouraging condition. 

Dr John R Moore (closing) I wish to thank the discussors for their valuable contribution to thi 
paper 

I would hke to emphasize two points which are deemed vitall}’- essential to the success of the method 
presented First, primaij' fixation, including pins and plaster, must be maintained until the continuity of th . 
medullary cavity has been restored, w'liich maj icquire from six to nine months or longer The tibial and fihu ^ 
lar shafts do not have sufficient strength to wnthstand the normal phj sical stresses until the medullary cai if' ' 
has reformed The second point is the necessity' of reinforcing the site or sites of the osteosynthesis, if narroiv I 
mg or bending is taking place, m order to prevent refiacturc Common sense demands that this bo donf 
before the fracture occurs, and not aftcrw ard i 

The presence of increased alkaline phosphatase m the delayed giaft, in the thiee or four cases anahz ' j 
is believed to be further evidence that immatuie bone is being transplanted ^ 

Dr Peabody’s mention of Dr Ti ueta’s w ork is interesting I am quite sure that fixation is very inip°' j 

Dr Phemister called attention to the importance of doing control operations with this same type , 
fixation That, too, is important 

Dr Green has covered thoroughly' the basis of the pioblem, and I agice with his conclusion that « 
study IS necessary , 
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1NTR\C VPSULAR FJUCTURES OF THE FEMUR TREATED WITH 
A COMBI NJRD SMITH-PETERSEN NAIL AND FIBULAR GRAFT ^ 

in TAMILS PVTRICK, P II C S , GLASGOW, SCOTLAND 
Ftom the OrlhopnuliG Drptnlinciil, Gln‘,gnu’ Roi/nl Infirmary 

In 1941, two impoifant papcis wcic published on the lesults of the tieatment of 
mlncapsuki fi acini e of the neck of tlie femui wath the Smith-Petersen nail One papei 
was piepaiod bv Ihe Fiactuie Committee of The Ameiican Academy of Oithopaedic 
Sill goons and dealt w ilh 144 cases fixed with a tiifin nail alone, as w'^ell as wnth cases floated 
b\ othei foims of fixation The second papei, by E 3 ’-ie-Biook and Piidie, assessed the le- 
sults 111 fif( 3 -lwo patients tieated with a tiifin nail The figuies given m each papei w^eie 
similai, — onl}’- some 70 pei cent of cases achieved bonj’^ union Each series w^as based on 
a minimum follow-up peiiod of one 3 ’’eai Had a longei minimum peiiod been taken, the 
figuiesfoi aseptic neciosis would undoubtedl 3 '- have been laigei , butasit was, theseiesults 
showed that the use of a tiifin nail alone w'as fai fiom being the ideal tieatment of mtia- 
capsulai fractuies 

It was shoitb’’ aftei the publication of these two papeis that the authoi began to 
treat all mtracapsulai fiactuies with a Smith-Peteisen nail and a fibulai giaft, and since 
the beginning of 1942, 107 such cases have been thus tieated m the Oithopaedic Depart- 
ment of the Glasgow Ro 3 ’’al Infiimai 3 '’ 

The complete fixation affoided initially b 3 ’' a tiifin nail depends on the physical pies- 
suie exerted between the nail and the bone into which it is diiven Only in dead bone aie 
this piessuie and fixation maintained for any length of time Noimal vasculai bone le- 
acts to ph 3 "sical piessure b 3 '- local absorption of the bone, and this occurs no mattei how 
inert the metal is, although lomzable material certainly accelerates this reaction It is for 
this reason that the nail loses its firm gup wathin a few weeks of opeiation When a graft 
IS added it provides only an impel feet degree of fixation at first, but it soon fuses with the 
surrounding bone, and thus the complete immobilization of the fractuie is maintained 

The fibula was chosen as the source of the graft, because of its stiong tubular shape 
and because it has less dense coitical bone in its stiucture than has a tibial giaft In old 
people, regeneration of the fibula does not occur, but the absence of six mches of the fibula 
appears to cause no disabihty, whereas removal of a similar length of giaft from the cortex 
of the tibia is often follow'^ed by pam and tenderness for many months and the defect left 
may predispose to fracture of the tibia 

Previous papers have leferied to the use of a combmed nail and fibular giaft in mtra- 
capsular fiactuies of the neck of the femui, but geneially only in cases of non-union King, 
how'ever, leferred m 1939 to the fact that he had begun to use the combmed nail and 
graft in all cases 


TECHNIQUE OP OPERATION 

Preoperahve Treatment 

, Pi 101 to opeiation the low^ei extremity is immobilized with sandbags, and no ti action 
' or other attempt at leducmg the fracture is earned out A spinal anaesthetic of 5 pei cent 
procaine is invariably employed, and in old patients no pieopeiative sedative is used 
Elderly people rarely, if ever, have headache followang a spinal anaesthetic and they are 
seldom apprehensive The giving of morphine to them before spmal anaesthesia ma 3 ^ 
precipitate collapse 

The patient is placed on an orthopaedic table and reduction of the fracture is ob- 

* Read at the Joint Meeting of The Amencan Orthopaedic Association, The Bntish Orthopaedic 
i, I Association, and The Canadian Orthopaedic Association, Quebec, Canada, June 3, 1948 
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Fig 1 

Special Instruments used in Optiation 
A Perspex gauge, thiec-quaiteis of an inch 
thick, Mith thiee holes, one-half inch, seven- 
sixteenths of an inch, and tin ce-eightlis of an inch, 
respectively^ in diameter (Each hole is actually 
one thirty-second of an incli w idci than this ) 

B Three long-shanked dulls, one-half inch, 
seven-sixteenths of an inch, and thicc-eighths of 
an inch in diameter, lespcctivelj The slightlj’^ 
V idei gauge holes ensui e a fii m fit foi the fibulai 
graft in the drill holes 

C Corkscrew nhich giqis lumen of fibular 
graft veil and may be used for withdiawmg the 
graft 

D Author’s diiectoi A simple and chcaj) 
instiument, similai in pnnciple to the Engcl- 
Maj’’ model 


tamed slight ti action and full internal ro 
tation of the limb Occasionally the Leacl- 
bettei method of ledm turn has been em- 
ployed, hci e good 1 edm t ion ( oiild not other- 
iiise have been oiitamed 
Opciahon 

The tiifin nail is mseited m much the 
same nay as is geneially emploj-^ed iihen 
the nail is used alone, but a gieatei degree of 
accuiacy is demanded m oidei to leave loom 
foi the giaft In Ihe fiist fen cases the graft 
lias placed bcloii the nail, but as it proved 
technicallj’^ easici to inseit the giaft aboie, 
this pioceduie iias adopted in all subsequent 
cases 

Aftei the patient is fixed on the table, 
antciopostenoi and lateial loentgenogiams 
aie taken to assess the accuiacy of the leduc 
tion and to dot ei mine the piccisc point of 
eiitiv of the guide line thioiigh the cortex 
Fiom the loentgenogiam an assistant calcu- 
lates the distance of this point fiom the iidge 
at the base of the gieatei tiochantei to iiliich 
the vastus lateialis is attached, — this attach- 
ment being, of couise, the chief landmaik in 
the opeiation A halfpenny may be held 
against the tiochantei iihen the piehminar} 
antei opostoi 101 loentgenogiam is taken The 
com measuies exactly one inch in diameter, 
and no mattei hoiv it is held, its shadov on 
the film gives an index of the degiee of mag 
nification i\ Inch has to be allov ed for m an}' 
measuicment 

The calculated distance of the coitical 


hole fiom the tiochantei ic iidge is measuicd with cahpeis, and a tiiangulai hole m the 

coitex of the femui is made Thi' 
hole IS made towaid the fiont or 
back of the shaft, depending on 
the degiee of anteveision of the 
neck as detei mined by inspection 
of the lateial loentgenogiam 
Aftei the guide vnie has been m 
seited low m the neck, the trifi" 
nail is dll veil m accoiding to the 
usual mannei 

In the mteivals, vhile tlie 
loentgenogiams aie being devel 
oped, the giaft is cut fiom tlif 
lowei half of the fibula To pm" 
vent the fibula fiom splinteiing 
it IS fiist weakened by seveinl dn 

sobofr' 



Fig 2 

Case 43 Lateial loentgenogiam shoving how spikes of bone 
nigagod and pievented leduetion Non-union icsultcd Note 
Ihe shadow of the diiectoi illustrated in Fig 1,D 
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liok'b at tlio liiK' of sot (ion 'riip miihcvilai ntlgcs on the giaft aic lemoved with a file until 
(he iiholc giaft ein be just passed (hiough one of thiec holes on a perspex gauge (Fig 
1, 1) These lioles measuic one-half inch, seven-sixteenths of an inch, and thiee-eighths 
of an inch, lespeetively The fibulai giaft is then saned to the exact length of the tiifin 
nail, nhicli at (Ins stage siioiild be in place 

A guide wile is passed along the hole in the nail, a long twist dull of the appiopiiate 
diametei (Fig 1,B) is taken on a biace, and a hole is boied above and paiallel to the guide 
wile The leqiiiicd depth is maiked on the dull, it is desiiable to have the penetiation of 
the gi ift oiie-quaitei inch less than that of the nail The long shank on the drill is neces- 
siiy ni 01 del to keep the handle of the biace fiom sti iking against the side of the thigh 
The dull is kojit tinning in the same clockwise diiection wdicn being wathdiawm, in oidei 
to icmove all the diilhngs The giaft is then tapped into place, but one should make suife 
th it it 1 cmams pai allcl to the guide w ii e as it goes in In ununited fiactuies the giaft may 
catch on the sciciosed bone as it ciosses the fiactuie line and may deviate fiom the chan- 
nel dulled foi it Aftei final check loentgenogiams, the wmund is closed and the diessmg is 
fixed with an clast oplast spica in oidci to make it seciiie against subsequent knee-flexion 



Fig 3-A Fig 3-B 

Case 40 Roentgenogiams sliow liealthy appeal ance of bone, three months after operation 



Fig 3-C Fig 3-D 

S line c ibc, thicc ycarb aftci opu ition, showing tj incal I'-cptic ntcrosi'- 
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Fig -l-B 

FijiS ‘I'V uul 4-B Cii>c41 Rocutgcnojtr ims show 
licaltlij opiicinnce of bone, three montlis oftcr 
operition k 

Fig 1-C foime c ise three jears after operation, 
showing aseptic necrosis llvis 3 inticnt bore no weight 
on tlie Innb^for sc\ onteen mont lis after ojieration and 
has iic\cr borne his full weight on it 

and lnp-fle\ion e\eicises The addition of the 
giaft extends the opeiation time by only a fen 
minutes 

Subsequent tieatmeiit follows the geneialh 
accepted pnnciples of eaily joint mo%ement and 
absence of neight-boaiing on the injuied exti ent- 
ity foi till ee 01 foiii months The patient is usu- 
ally allotted to get about on ciutches fiom the 
fifth day ontvaid Some oedema of the ankle is 
usual and is conti oiled by the tteaiing of an elas- 
tic stocking foi si\ months 

RESULTS 

When a fibulai giaft is combined with a nail, 
bout' union is gcneiaUy established tntliin sit 


Fig 4.C months Aseptic neciosis, hottevei, may not ap- 

peal until aftei tlie fiist yoai lias elapsed, and 
evidence of osteo-ai thiitis fiom otliei causes may not be found until tvell aftci the fiist 


3'^eai It was considcicd, tliciefoio, that a ttvO'j’’cai follow-up should be accepted as the 


minimum peiiod in assessing lesults 


Of the 107 cases, si\ty-thicc w'cic done tw o 3 cais 01 inoiengo, five patients being oper- 
ated on thiee months 01 moic aftei the injiuj'- Death due to opeiation and to natuial 
causes leduced the niimbei of two-j’^cai follow-up cases to foi ty-seven, and it is on this 
small senes that the lesults aie based (Table I) 


Moitahty 

The moitahty of 8 pei cent was accounted foi mamlj’’ bj’’ opeiation being done on 
patients m pool condition, wdiose chances of suivival without pinning weie slight (C^ses 
58 to 62, Table II) Compaied wnth otlici published figuios, the addition of the giaft ocs 
not appeal to affect the moitahty aclvciscly 
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Fig 5-A Fig 5-B 

Case 32 Roentgenograms taken soon after operation show graft just reaching joint line 


lon-Umon 

Non-umon occurred in 13 per cent 
Cases 42 to 47) Two patients fell withm 
hree weeks of operation and broke the nail 
,nd graft out of the head In a thud patient, 
afection developed in the wound after an at- 
ack of postoperative delirium in which she 
emoved the dressing and seveial stitches In 
wo cases the nail and graft were placed too 
ar forward in the head, ownng to difficulty in 
;ettmg a satisfactory lateral roentgenogram 
luring the operation, the nail and graft broke 
)ut of the head withm ten days The fracture 
n the sixth case could not be propeily reduced 
n spite of every manoeuvre (Fig 2), and 
inion failed to occur 

Thus all cases of non-union weie ac- 
jounted for by accident or by eriors of tech- 
iique Among the foity-one cases m which 
inion did occur weie five cases of previous 
lon-union, although one patient (Case 48) 
lied one yeai aftei opeiation 

Aseptic Necrosis 

Aseptic necrosis developed m four patients (Cases 38 to 41), in all of whom bony 
mion had occurred As m other senes reported, most of the cases were below the average 
ige (fifty-eight, seventy, sixty-four, and thiity-mne years, respectively) 

In two of the patients, necrosis developed inthin one year of operation and progressed 
to typical collapse of the head and osteo-arthritis (Figs 3-A to 3-D) The third patient 
had loentgenographic evidence of aseptic necrosis at fifteen months, but even four j’-ears 
aftei opeiation he complained of onlj”- mild osteo-arthritic symptoms and had only shglit 
defoimity of the head 



Fig 5-C 

Same case, four years after operation, sliow- 
g slight osteo-arthritic changes -nhere graft 

T i. 
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TABLE I 

RLbCLTS OJ TrEATMi \T 01 InTR VCArSLLAIl FrACTORES AMTII V COMRINI D NaIL AM) FiDl'LAR GrAFT 


Total number of Cases 

Died m hospital follo\Mng ojieiatioii 
Died i\atlim ti\o jears from natural cuiscs 
Untiaced 


Number of t^^o-^eu follow -up cases 
Boin union 
Non-union 
4sc])tic ncciosis 

Ostco-arthiitis due to grift iiincti iting joint 


63 

5 (7 n per cent ) 

10 

IG 


41 (87 2 jicr cent ) 
G (12 8 per cent ) 
1 (8 5 per cent ) 
10 (21 3 per cent ) 


‘-The foluth case (Case 41) A\as of special inteiest The patient was a tall man, aged 
thiit 3 '^-nine, who had been thiowai downslaiis and had sustained an intiacapsular frac- 
tuie, this was fixed a\ith a nail and a giaft (Figs 4-A and 4-B) At the end of foiii months 



Pig G-A Fig 6-B 

Recent case (not m the sciics icMcwcd), showing position of nail and graft just aftci operation 



Pig G-C Pig 6-D 

Same case three months aftei ojieiation Tlie patient had piactised weight-bearing three 
after operation, and impietion of the fiaetuic oeeuiied The giaft jicnetiated into the joint wliuc 
nail, on the othei hand, was e\tiuded 
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TAIILE ir 

Dai V IN Si\T^-)iiHi I Consicuum Casi s oi Inijjacaj’sulak Eiiactuiie 
T HI \Ti I) w n II A Tun IN Naii, and Fibulah Graft 


I’l I 10(1 of 
Xon- 




lii(ei\ il 

Wmulit- 

l''ollo\\-up 




Ci«o 

ind 

hefoK 

Bi iring 

]’( 110(1 

Hangc of 

Com])li- 


\o 

P(\ 

OjK r if ion 

(;l/o/d/is) 

(1 ears) 

Movement 

cations 

Comments 


I 

02 

1,'* 

4 (la\s 

3 

0 

Full 


2 

55 

1' 

35 (l^^ s 

3 

0 

Full 

Graft placed below 
nail 

3 

73 

M 

3 (hn s 

3 

5 

20° limitation of 
fi(\ion, lota- 
tion 30% of 
noi in il 

Mass of callus 
foimed aiound 

fiaetuie 

1 

03 

I 

74 

F 

3 months 

1 

5 

Full 


"i 

0 (1 i\ s 

3 

5 

Full 

Nail inscited inch 
too far at opeia- 
tion and w’lth- 
drawm 

0 

55 

35 (la3S 

3 

5 

Full 


7 

r 

01 

F 

0 (iaj s 

3 

5 

Full 


S 

73 

F 

1 day 

3 

5 

Full 


0 

04 

F 

3 da} s 

3 

4 

Full 


10 

05 

M 

10 days 

3 

4 

Full 


11 

42 

F 

7 dajs 

8 

4 

Full 


12 

50 

F 

13 dajs 

3 

4 

Full 


13 

72 

M 

3 da}S 

3 

4 

Full 

Had below -the-knec 
amputation in 
same extremity 

14 

07 

F 

3 dajfa 

3 

4 

Full 


15 

70 

F 

4 days 

3 

4 

Full 


10 

54 

F 

2 days 

3 

4 

Full 

Seen in own home 
Veiy neivous and 


refusedto come for 
final \-iay X-ray 
2 years after oper- 
ation showed un- 
ion and no comp- 
lications 


17 

73 

F 

4 days 

3 

3 

Full 


18 

74 

F 

1 day 

4 

3 

Full 

Died of cerebral 
thrombosis, 4 
years after opeia- 
tion 

10 

52 

4 da3's 

3 

3 

Full 



F 


{Coiitinuerl on page 74) 
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TAMPS PATRICK 


TABLE II {Continued) 


Case 

No 

Age 

and 

Sex 

Interval 

before 

Operation 

Period of 
Non- 
Weight- 
Beanng 
{^^onlhs) 

Follow-up 

Penod 

(I'cors) 

Range of 
Movement 

Compli- 

cations 

Comments 

20 

67 

6 months 

3 

3 

Full 


Treated imtially as 


M 






impacted fracture, 








but no umon after 








6 months 

21 

67 

50 daj's 

3 

3 

Full 




M 







22 

75 

4 days 

3 

2^^ 

Full 




F 







23 

87 

5 daj'S 

3 

2 

Full 


Died 26 months after 


F 






ojieration 

24 

81 

10 days 

3 

2 

Full 




F 







25 

62 

3 days 

3 

2 

Full 


Pin extruded at G 


F 






montlis and was 








remo\ ed 

26 

71 

4 days 

3 

2 

Full 


Died from pneumo- 


F 






nia, 2J^ jears 








after operation 

27 

64 

5 days 

3 

2 

Full 


Died from coronan 


F 






thrombosis, 3 








jears after opera 








tion 

28 

38 

8 months 

4 

6 

20° limitation of 

Ostco- 

Graft inserted to 


M 




flexion, rota- 

arfhntis 

joint line Osteo- 


tion nil artlintis developed 

in fourth j ear ^o 
aseptic necrosis 
Still vorks as a 
miner 


29 56 2 days 

F 


59 8 days 

M 


70 5 days 

M 


58 45 days 

F 


Full flexion, in- 
ternal rotation 
limited 


Osteo- 

arthritis 


30° limitation of Ostco- 
flcxioii, rota- arthritis 
tion ml 


90° of flexion, Osteo- 
110 intoi nal ro- arthritis 
tat ion 


Flexion full, 10 - O'.teo- 
tation30%of arthiitis 
1101 mal 


Slight localized os 
teo-arthntis de- 
x'oloped in upper 
part of joint in 
fifth jear, due to 
graft being in- 
serted to joint line 

Osteo-arthritis v here 
graft leached joint 
line Slight Iinip, 
but M 01 king ns b 
borei 

Graft inserted up to 
joint Arthritis de 
veloped in thn 
area Has to ice a 
stick 

Slight osteo-arthnte 

due to graft J“'* 
reaching joint I\o 
hmp Slight stiff 
ness after sitting 


{Continued on page 75) 
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'I'AMIJ'' II (Ctniliinidt) 





Pciiod of 








Non- 






Age 

Iiil( i\ )1 

Wtiul'l- 

Follo\x-up 




C IM> 

111(1 

Ix'fnie 

lleaniiR 

Period 

Range of 

Compli- 


iSo 

Sex 

Oiionfion 

{Months) 

() cmi) 

Afovoniont 

cations 

Comments 

33 

55 

1 nioiilhi 

3 

3 

Flexion full, 

? Ostco- 

Doubtful area of os- 


]!' 




slight hmita- 

arthritis 

teo-arthntis xvhere 






tion of inter- 


graft just reaches 






ml rotation 


joint No symp- 
toms 

3-1 

50 

1 (lajs 

3 

3 

Flexion full, ro- 

Osteo- 

Graft just reaches 


I’’ 




tation 30% of 

aithiitis 

joint No disabil- 






normal 


ity X-ray changes 
slight 


73 

3 (1 IX s 

y 

23^ 

30° limitation of 

Ostco- 

Graft just reached 


F 




flexion, rota- 

aithnt IS 

joint Local osteo- 






tion 30% of 


arthritis devel- 






normal 


oped Giaft broke 
but union oc- 
curied No limp 

3fi 

70 

0 (1 ixs 

3 


Flexion full, ro- 

Osteo- 

Graft inserted to 


M 




tat ion nil 

aitlnitis 

joint, causing os- 
teo-arthritis 
Symptoms slight 
No limp 

37 

GO 

5 dajs 

3 

2 

40° limitation of 

Osteo- 

Graft inseited to 


F 



flexion, rota- 

arthritis 

joint line Symp- 






tion 30% of 


toms of arthntis 






normal 


mild 

38 

58 

9 XX eeKs 

5 

4 

Flexion to right 

Aseptic 

Had Paget’s disease 


F 




angle, no ro- 

neci osis 

of tibia and fibula 






tation 


of same limb Graft 
removed from 
other leg Necrosis 
first observed in 
eleventh month 
Collapse of head 
and osteo-arthntis 
folloxx ed 

30 

70 

5 daj'i 

3 

4 

Full flexion, lo- 

Asoptie 

Slight limp , uses stick 


F 




tation 30% of 

ncciosis 

XX hen outside Ne- 






normal 


crosis first noticed 
at 15 months No 
collapse of head 

40 

64 

G days 

3 

4 

45° range of 

Aseptic 

Necrosis first ob- 


F 




flexion, no ro- 

neciosis 

served at 7 montlis 






tation 


Collapse of head 
and osteo-arthritis 








folloxx ed 

41 

30 

2 days 

17 

3 

All movements 

Aseptic 

Did not bear weight 


M 



extre m { 1 y 

IK 01 OSIS 

for 17 months Ne- 






limited 


crosis first olj- 
“erved about 21 
months 

42 

70 

7 days 


5 

90° range of 

Non-union 

Fell and broke mil 


F 



flexion 


and graft out of 
head in third week 



{Continue I on jmge 70) 
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JAMhS IH'rnK’K 


TABIyE TI (Cmilnninl) 





I’( nod of 
\oii- 





A(r( 

lull IV ll 

I'ollow-ui) 




Case 

iiul 

befou 

Bi Ding P( 110(1 

B 111 ^ 1 “ of 

Coni))Ii- 


No 

St\ 

OiRiatioii 

(Months) (1 rrirs) 

Movement 

cations 

Comments 

43 

30 

2 (la\ s 

3 -) 

00° ianf;( of 

Non-union 

Boor reduction, o 


F 



fi( \ion 


iiig to intcrlocki 
of frapinK nts &u 
t io( hanterir nsf 
otom\ done 

14 

72 

3 (! i\ s 

1 

<i0° innn( of 

Non-union 

Fi 11 and broke ir 


F 



111 Moll 


and graft out 
li( id III third wee 
Sii btroclianter 
osteotonn done 

4') 

07 

3 (1 u s 

0 3'j 

10 1 iiifit of 

Non union 

Dri"s,ings torn off 


F 



III Moil 


lio'toper itivc (i 
liniiin Fnu tun i; 
( inu infected P 
e\tri( ted 

4(> 

00 

0 (l'l^ s 

2'^ 

fi0° 1 111^1 of 

Non-union 

Bin and grift phci 


I' 



fioMOll 


too f ir anterior 
in bead and brol 
out Subtrocliai 
teiic ostcotoni 
done 

47 

74 

H (I'lj's 

2 

30° 1 iiifK of 

Non-union 

Bin and graft jiliici 


F 



III MOD 


too far antcnorl 
in hold and brol 
out Patient non 
left bed after o] 
elation Died i 
lieait failuie 2} 
} cal's latei 

4S 

GO 

1 j'c ir 

3 Onioiidis 

20° limitation of 


Died one jear late 


F 



lieMoii 


followang operatio 
for pituitary adt 
noma Hndnopn 
or limp in t\ 
tremitc 

40 

71 

3 (l-ns 

3 

Full Ik'Mon, 10 - 


Died 15 weeks afte 


F 



tatioii ')0% of 


operation Oedonr 





normal 


of both legs de- 
e eloped Heart 







failuie 

-.0 

00 

0 cia^ s 

3 10 monflis 

Full 


Died 20 months after 


M 





ojiei ation from ccr 
(bral thioinhosi'' 







Had thrombosis in 

limb after opera 

tion 

■)1 

70 

3 (la\ s 

3 3 months 

Full 


Died 4 months after 







opci ation from a 
stioke 


(Cofilniiir’i on par/r ??) 


rnr joitrnai or no\r and joint srnTF”' 
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'1 \HL1' II {Continued) 


Pci loci of 
Noii- 



Age 

Iiilci val 

Weight- 

Follo\i-up 




Cisc 

iiul 

bcfoic 

Bcaiing 

Pol locl 

Range of 

Compli- 


No 

Ft\ 

Opt latioii 

(jVoid/is) 

(IVnrs) 

Movenic nt 

cations 

Comments 

')2 

70 

3 (i 11 s 

3 

4 nionf hs 

Full 


Mental symptoms de- 


F 






veloped, attempted 
suicide, admitted 
to mental hospi- 
tal Died at fifth 
month 

r)3 

()'l 

3 (1 11 s 

3 

7 iiioiitlib 

Me \ion full, lo- 


W liked noinially 


M 




1 itioii 50% ol 


Died fiom stioke, 






noi m il 


10 monthb iftei 
opeiation 

oJ 

70 

3 (1 ivs 

3 

3 lllOlltllb 

hull 


Died 3}^ months dl- 


F 






tei opeiation fiom 
acute obstiuction, 
due to carcinoma 
of colon 

55 

74 

15 dais 

3 

4 months 

Flexion full, ro- 


Died 5 months after 


M 




tation 30% of 


operation from re- 






noi m d 


tcntion of ui me 
and uraemia 

ob 

70 

0 cl lyb 

3 

1 1 moiitlLb 

Full 


Died 15 months aftci 


J'' 






ojjeiation Cause 
of death not ascer- 
tained No limp Ol 
pain 

57 

78 

5 d 11 b 

2 

2 moiillib 

hull 


Died at home, 3 


F 






months aftei op- 
c ration, from pneu- 
monia Walked d 
little \i ithout help 

58 

8^1 

10 ddib 



h ull flexion 

Died 

Died 7 Meeks aftci 


M 






Operation, from 
jineumonia 

5'J 

73 

5 days 




Died 

Died day folloMing 


M 






operation Pool 
iisk, had fever and 
slight delirium be- 
fore opeiation Op- 
eration delayed for 

3 daj'S 

00 

60 

2 d ijb 




Died 

Feeble, pool iisk 


F 





Died 4 days after 
opeiation 


01 

G5 

W daj'b 




Died 

Had rates in chest 


M 






before opeiation 
Died daj after op- 
eration 

62 

71 

30 days 




Died 

Never left bed Died 


F 






fiom uraemia, 2 
months after op- 
eration 

03 

S3 

5 dajs 





Could not be tiacid 


F 





after leaiing hos- 
pit il 
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JAMES PATRICK 


of non.-^^elgllt-beallng he had full joint movements and vas fiee fiom pam Giving to thi 
development of a psychological factoi, howevei, he could not be persuaded to put his foo 
to the giound, and he continued to walk mth clutches and did not bear weight on thi 
mjuied limb until seventeen months aftei the opeiation In spite of this long penod o 
fieedom from weigh t-beai mg, aseptic neciosis developed, clinicall}’' and loentgenographi 
cally, toward the end of the second ycai, and it eventually piogiessed to maiked osteo 
aithiitis of the joint At no time did he bear full weight on the limb and, theiefore, verj 
little collapse of the head occuiicd (Fig 4-C) 

Thus aseptic neciosis developed in only 9 pci cent of the cases as compaied intl 
30 pel cent m a laige senes of 365 cases, icvicwcd by Pci Linton, in which tieatmentwai 
by a nail alone 

Osteo- ArthnUs 

Apait fiom cases of aseptic neciosis, ostco-aithiitis occuned in 21 pei cent (Case; 
28 to 37) and was due to the giaft pcnelialing Die joint In these cases the graft was in 
seited lathei close to the joint (Figs 5-A, 5-B, and 5-C) It was not lealized at the timi 
that the usual loentgenogianis in two planes might give only an approximate indicatior 
of the 1 elation of the end of the nail and the giaft to the joint, and subsequent loentgcno 
giams showed that the giaft had just pcnctiatcd the joint In these cases, ostco-arthntn 
symptoms developed two oi tliiee 3 ’-eais aftci operation but in onlj’- two cases did the 
aithiitis piove moie than a minoi disabilit}’’ This penetiation of the giaft into the 
joint maj'’ also occur, if eailj'’ weight-bcanng and consequent fuithei impaction take 
place (Figs 6-A to 6-D) The living giaft fuses moic lapidlj’’ to the vascular basal frag- 
ment than to the head, and so tends to pass in tow aid the joint The incit nail, remain- 
mg moie firmly embedded in the lelativel}'^ avascular head, tends usuallj’- to be extiiided 
To avoid penetiation of the fibulai giaft into the joint, it should be mscitcd to a depth ol 
about one-quaitei inch less than the nail 

In no case w^as theie anj’- complaint of ankle w^eakness in spite of the fact that, ir 
most, no legeneiation of the fibula had occuired 

SUMMARY AND CONCLUSIONS 

In the tieatment of mtiacapsulai fiactuies, the use of a fibulai giaft wnth a tiifin nai 
does not inciease the moitahty, and the addition of the giaft lengthens the opeiation tinii 
by onlj'- a few minutes 

In this small senes of cases a much liighei piopoition of bonj'- union occuired (87 pei 
cent ) and few^ei cases of aseptic neciosis appealed (9 pei cent ) as compaied wnth the 
published lesults of cases treated with a nail alone The tiue figuie foi aseptic neciosis, 
howevei, can only be assessed aftei a clinical and loentgenographic follow-up of all the 
cases foi a numbei of yeais, and the authoi’s senes of cases is too small to diaw anj' 
haid-and-fast conclusions on this aspect of the condition 

In one patient, neciosis developed in spite of seventeen months of non- weight-bcanng 
It IS evident that non-W'^eight-beanng does not pi event neciosis, although, of couise, it 
may minimize collapse of the head and be of some value in delajung the onset of osteo- 
aithntis Eaily weight-beanng maj'' lesult in fuithei impaction and shoitening of the 
neck and this may cause the giaft to penetiate the joint Foi this reason w'eight-beaiing 
should be avoided foi the fiist tliiee months, and the fibulai giaft should be mseited a 
little less than the depth of the tiifin nail 

The lesults m this small senes of cases would seem to justify the use of a combine 
nail and fibulai giaft in all mtiacapsulai fiactuies of the femiii 
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DISCUSSION 

Mr H Jackson Burrom s, London, England It is at once a privilege and an embarrassment to fol- 
loM the giants In particular, it is hardly possible to speak of aseptic necrosis without using the name of 
Phcmister Dr Phemistcr made kiioMm the concept of creeping substitution, and he has also demonstrated 
the fragility of the bone in the zone of replacement Dr Compere has reimnded us how slowly cortical bone 
undergoes substitution This emphasizes the importance, when we are dealmg Math fractures of the long 
bones, of avoiding further damage, not only by proper handhng of the injured hmb, but also by avoiding 
unnecessary or unnecessarily extensive cutting operations when closed mampulation would suffice, or, con- 
verselj , fruitless closed manipulations when open operation would be less damaging 

In aseptic necrosis of the femoral head a further complication arises, — namely, the proximity of a joint, 
and the evils of aseptic necrosis depend not merely upon the changes in the bone, but also upon the destruc- 
tion of the articular cartilage For this m e can do virtually nothing The ingemous operations which we have 
heard described will hasten repair of bone, but they can do little or nothing for the articular cartilage It is in 
prevention that we must seek salvation 

Gentleness in reduction of congemtal dislocation of the hip is umversally accepted In shppmg of the 
upper femoral epiphysis, the devastating sequel of forcible mampulation m some cases was first demonstrated 
by my late chief, Elmslie We are perhaps slow in learmng the same lesson in fractures of the femoral neck 
Most, though not all, can be reduced by gradual weight traction, followed by very little subsequent mampu- 
lation, — mere medial rotation Delay is not hazardous if preoperative management is understood 

Dr Robert W Johnson, Baltimore, Maryland I want to congratulate the Program Comimttee 
on their arrangement of this Symposium, because they have given us a well-i ounded picture of the whole 
problem Each of the essajasts has added a defimte contnbution which is different from the others For that 
reason I would hke to discuss briefly each one 

Dr Compere I MRnt to thank for the clinical confirmation and application of the experimental work 
Mhich I presented as a thesis to this orgamzation some twenty years ago I had begun to believe it had been 
forgotten There is, however, a note of hope that I would like to add to his statement that much of the bone 
in the region of a badly comimnuted fracture is non-xaable From subsequent studies in new bone and the for- 
mation of callus, I beheve that the viability of bone cells in the comminuted fragments in loco is not of par- 
ticular importance The ingroiving vessels coimng to orgamze the blood clot bring with them embryomc 
fibroblasts, which are quite capable of assuming the Mhole job of nev-bone formation The old bone acts as a 
suitable scaffolding for this work 

Dr Phemister, as usual, has presented his surgical thesis, backed up by beautiful phj^siological and path- ' 
ological data I could not, however, follow him quite to the end of his argument that the implantation of more 
dead bone — namely, the graft — in the head of the femur is actually going to prevent aseptic necrosis I believe 
that dnUing of a rather large open tract will do more for vasculanty than a graft, although it does not in any 
way take over the mechamcal function of support of the region dunng the healing period It is simply a 
physiological rather than a mechamcal argument 

Mr Patrick has taken up the question where Dr Phemister left it, using a pm and graft in the acute 
fracture of the hip He has certainly shown encouragmg and helpful results However, his follow-up is neces- 
sarily, in my opimon, too short to perimt disposmg of the problem of aseptic necrosis in the same manner 
as Dr Phemister has done, Mhose last case had a follow-up of seven and one-half j^ears 

These papers have given us a beautiful presentation of fracture of the nock of the femur and its problems, 
and what M’e should now know about them. 
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Dr J Albert Ke\, St Louis, Missouri I would like to mention a tvpe of necrosis that I haucseen 
many times In opeiatmg foi ostcomjchtis j'cirs after the acute disease, one ma} find lajcr after lajcrof 
dead bone w Inch is completelj’’ surrounded by living bone That bone w ill sta 3 there for man} j ears before 
it IS absorbed A similar necrosis may occur at the ends of the fracture fragments, and this mai be one caiue 
of non-umon 

Dr Dallas B Phemister (closing) Mr Burrows spoke of the necrotic articular cartilage Itmaiper 
sist for j^ears m regions inaccessible to the invading blood vessels and connective tissue, but thej maj reach 
it along the surface or bj' giowingthiough the undcrlj mg dead bone, and replace it bj fibrocartilage E\iend 
mg the drill holes tin ough the cartilage hastens the invasion and replacement This should be beneficial, since 
Albert Ke}" has show n exiienmentallj' that chipping off a fi agment of articular cartilage and bone and leaving 
it m the joint favois the dev'elopment of degeneratu’e arthritis 

As to the stiong tibial bone grafts cmploj'cd, I behove thej are valuable m that thev' favor the union 
of the fiacture, when present, and, placed m the uiiper portion of the dead head, thev protect it against col 
lapse, vv'hich is the w oi st of complications, w hile inv'a-sion and transform ition into new bone are taking place 

Theic IS great difference of opinion as to vv hen the bone dies m thc-sc cases of disturbance of its circulation 
bj injuij'Oi occlusion I luwc studied nncroscoineallv between fiftv and sev cut v -five femoral heads, removed 
eithci at operation oi at neciopsj, performed somcwliere between i few davs ind fifteen or twent} ve3^ 
after the onset of the trouble The evidence has been that tin bone dw iv s dies soon after the accident or omrl 
of the disease which cuts off the circulation One must distinguish between the time when the bone dies and 
the time when this necrosis can be recognised chmeall} and rociitgcnographic illv' Microscopic examination 
of specimens removed early shows that the bone dies soon after the ciiculation has been cut off Sections oi 
older specimens show' onlj the later changes However, months or, when the fnieture has united, even 
one or tvv o j ears may elapse befoie changes take jilacc, such as atrophv of the adjacent hv mg bone, creeping 
substitution, collapse, and arthntis, which make it possible to diignose the eondition climcallv and roent- 
genographically It is a common error to assume that the bone dies it this 1 itc date and not at the onset oi 
the trouble 

Mr Jaaies Patrick (closing) I would like to comment on a case which throws some light on the vaa 
bility of the head You will remember that I said one has to be careful not to put the graft too close to tlit 
articular surface of the head, for the usual roentgenograms taken m two jilancs do not alwavs give a true 
picture of the proximitj of the graft to the joint 

Another factor sometimes appears Theie is a tendenej for the graft subsequentlv to move in tow an: 
the joint A case vv as illustrated m vv hich the patient did not follow her instructions about non-w eight-beanni 
and did not report until four montlis after Icavang the hospital Dunng this penod of carlv w eight-beanng 
some collapse and impaction of the neck had occurred The pm, bj reason of its jih} steal pressure on the bom 
into which it had been driven, caused some reaction and absorption of the bone This occurred to a greate 
extent in the vascular basal fragment than m the head, and so the pm w as extruded w hen the collapse of th 
neck occurred The graft, however, although peihaps regarded ns dead tissue b}' some, is certamlj' not si 
dead as the nail Fusion of the giaft to the relativ'el} av'ascular head takes longer than fusion to the basi 
fiagment, and so, vv hen collapse of the neck occurred, the graft mov'cd into the head and penetrated the joint 
I think this contrarj' shift of the nail and graft thiows some light on the state of vaibihtv of the head, anc 
indicates the need for caution m placing the graft 

Mj' figuies of the incidence of aseptic ncciosis, when a giaft is used with the nail, confirm Dr Pheniistcr 
observations, and mj' piefeicnce for the fibula instead of the dense corticil bone of the tibia as a sourceoi 
mateiial for a graft is sujiported bj' Dr Compere’s investigations 
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A METH013 OF SUBTEOCHANTERIC LIMB SHORTENING 

in SON THOUNTON, M D , ATLANTA, GEORGIA 

Since the inlioductioii of ticatmcnt of tiochanteiic fiactuies by mteinal fixation, 
proccdiiics have been developed and icpoited by a number of suigeons Blount’s method 
has been the most outstanding in tiochanteiic shoitenmg, and White’s m slioitenmg the 
shaft of the fcniui 

The object of this piescntation is to show a method, developed moie lecently, which 
provides, befoic the osteotomy is done, foi pieseivation of the noimal angle between the 
fenioial shaft and the neck The method diffeis fiom otheis only m detail and m the use 
of a diflfcient design of instiumcnt foi mteinal fixation The noimal anatomical lelation- 
ship of the tiochantei and the shaft is maintained by this pioceduie No exteinal fixation 
IS applied 

By folloMing the details as piesented heie, plus the use of the specially designed 
trochanteric plate and Smith-Petcisen nailf, an accuiate pioceduie may be earned out 
In the authoi’s experience ovei a numbei of j'-ears, this plate and nail have always lemamed 
intact and the connecting sciew has always held 

The technique is essentially that used m tieatment of tiochanteiic fiactuies The 
upper third of the shaft of the femui and the tiochantei aie exposed b}'^ a lateial incision 
First, the Smith-Peteiseii nail is diiven at the piopei angle to make the plate fit along the 
lateial surface of the shaft and to maintain the noimal angle between the femoial shaft 
and neck In ordei to accomplish this accuiately, a guide is necessaij^ (Fig 1) 




Fig 1 Guide for diiving Smith-Peteisen nail 

Fig 2 Section of bone to be excised has been measuied i\ith calipeis Saw cut indicates where 
fiagments are to be set 

* Read at the Joint Meeting of The American Oithopaedic Association, Tlie British Oithopiedie 
Association, and The Canadian Oithopaedic Association, Quebec, Canada, June 3, 194S 

t Trochanteric plates of faultj’^ design have been placed on the market, which maj be cxpeeteii to become 
disconnected or to break or bend 
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Fig 3 Fig 4 

Fig 3 Shoi\s method of cutting bone 

Fig 4 Plate is about to be attoclied to nail Later, just before closure of incision, the connecting scrcii 
should be tightened forcibli with a large screw driver Note flingc of bone which has been retained 



Fig o Fig G 

Fragments have been aligned The nail has been driven in completely 

About one-half inch of the nail is left pioti tiding, so that latei the plate and scieiv 
may be attached The use of seveial Baoi-Beiinett letiactois gives adequate exposure 
of bone and ptcterifs soff-fissne c^arllage by saw and chisel The section of bone to be 
excised is measuied with cahpcis A satv cut, along the coitex of the bone, constitutes ft 
maikei to be used iii setting the fiagments without abnoimal lotation (Fig 2) 

Eithei a bioad, shaip chisel oi a bioad motoi sawq oi both, niay^ be used foi cutting 
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iho boRo (Fig 3) Since the tiochantcuc poition of the femui is broader than the shaft, 
the bone in iv be c lived so as to leave a flange of bone extending down along the medial 



Fig 9 


Fig 10 


Case 2 Roentgenogram of left femur after Case 3 Ti\ o-inch shortening of right femur 

shortening 
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coitex This flange makes the setting easiei and is helpful in fixation and in obtaining 
bony union 

Befoie the fiagments aie set, the plate is attached to the nail (Fig 4 ) The fragments, 
which have been freelj’- exposed subpeiiosteally, aie bi ought into apposition, and the san 
cuts aie matched (Fig 5 ) 

Driving the nail is then completed (Fig 6 ) and the plate is fastened to the femoral 
shaft by sciews which penetiate both coi ticcs (Fig 7 ) The last and most impoitant detail 
IS that the connecting sciew be tightened foicibly A laigc sciev diiver is used 

Convalescence is the same as that following a tiochanteiic fiactuie No external 
fixation, suspension, oi ti action is used The usual postopeiative musing caie is lequired, 
the leg being kept comfoi table on a pillow and opiates being admmisteied as needed diiniig 
the fiist few days 

When the peiiod of discomfoi t has passed, the patient giadually inci eases independent 
activities and has fieedom of the bod Reasonable caie is advised until theie is union at 
the bite of the osteotom}’’ Callus foimation, as shown by locntgenogiam, is helpful in 
deteimmmg the piogiess towaid full wcight-bcaiing Ten oi twehc weeks m bed aie rcc 
ommended, follow^ed by walking with dutches and giaduall3' mci casing weigh t-beaiing 
Phj’-sical theiapj'^ is helpful foi the muscles of the shoi toned extiemitj’- Tiainmg and deiel 
opment of the habit of walking m a natuial waj'' add much to the end icsiilt 
Removal of the metal used foi fixation is desiiablc at some futuie date 

DISCUSSION 

Consideiable lesponsibiht}'’ is associated with suigei3' foi shoitcning the iioinial 
low'ei extiemit3'-, and this iesponsibiht3'- must be slnied b3’’ the suigeon as well as by tlic 
patient and his family The suigeon ’s expenence and lesults with inteinal fixation ol 
tiochanteiic fiactuies ma3'' be the deciding factoi 

C\Sn RUPORIS 

Case 1 E M , an eiglitecn- 3 'cai -old giil, had one and ont-half inches of shortening of her right feiiiu 
IS a lesult of old healed osteom 3 'ehtis of the uppci portion of the fcnuir, involving the ipipci fcmoial cpipln 
bis, the head, and the acetabulum On March 5, 1945, she was icfeircd b}' the authoi to Dr Smith-Peteisci 
for arthroplasty An excellent result was obtained Because of the inequaht}' in limb length of one am 
one-half inches, her gait was not in keeping with such a good hip 

On June 26, a lift of one and one-half inches was put undei hei light foot and loentgenogiams wen 
taken (This amount of elevation w as needed to squaie the jielvis and make the spine stiaight, but the short 
emng required would be one and thiee-eighths inches ) On Tune 29, with pontothal anaesthesia, subtroclinii 
teric shortening of one and thiec-eighths inches was done on the left lowci extiemit}^ at the Piedmont 
Hospital A Smith-Peteisen nail and the jilate illustiated weie used (Fig 8 ) 

After four weeks, the patient left the Hospital Roenfgenogiams, taken on Septembei 5, showed e\i 
dence of union at the site of osteotoni}', but not sullicient to peiniit hei to be up B 3 ' October 23, she vis 
able to bear weight without ciutches, and loentgenogi inis on Decembci 4 showed solid union 

On July 10, 1946, undei geneial an lesthesia, the nail and pi ite weie lemoied The patient lemiiiicdin 
the Hospital for one week, and the sutuics weie leiiioved aftei she went home, on Tub 22 

When last seen, on Januai 3 '^ 29, 1948, this pitient was walking well and w is about to be iiiaincd 

Case 2 C H w’as a seveiiteen- 3 mai-old giil, who had had pyogenic disease of the light hip when she v >s 
seven years old The femoial head had become neciotic and sequestiatcd The infection had cleaicd, leaving 
fibrous ankjdosis wath adduction-flexion dcfoi 111113 ’^ Later a hip fusion was done, followed bj subtiochaiiteric 
osteotonp' for collection of the adduction-flexion defoiiiiit 3 ' 

Theic w'lis one and one-half inelics of shoitcning by nieasuicment, this shoitening w is also deteinunn 
b 3 " ]ilacing enough blocks undei the light foot to iquih/e tho length In uldition, a eoik lift of one m 
one-half inches w'as added to the sole of the light shoo, and tlu patu nt found iftei si vi 1 il days’ tii il that t le 
was the amount needed to equalize the li ngth of hi 1 extii 1111 lies 

On Maich 19, 1947, at the Piedmont Hospital, the tioehantii mil uppii feiiioi d shaft on tin left 
exposed by the usual laleial appioach A segnient, one and one-quaitei inches long, w'as lemoved, 
a distally piojecting tongue on the medial aspect of the pi 0 x 1111 il fiagnient Tho distal fiagment w'as 
into this notch against the iiioxiiiial fiagment and w'as fixed in place with a Smith-Pcterscii nail, plate, ai 
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snows (I'lg 1) A liUle spito w is noted inloiioily m llie fitting of the fiagment, but the joining was tight 
jiosleiioih and tlie inteiioi sjnce was filled with cincellous bone The wound was closed as usual, and an 
( 1 is(io-b indagefapioa w is iiijihed A blood tiansfusion was given dui mg the piocedure and the patient returned 
to 111 r loom 111 s itisfai toi\ t ondition PLiiKilhn was adniinislcicd postopciatively and continued for five days 
On Apiil 21, 101 nlgenogi ims show id e\iillin( position and fixation with some caily callus The post- 
o|)i I iti\i i oiiise was s itisf ii till \ and the ji itiLiit was disdiaigcd fioin the Hospital on May 7 Approximately 
thill wieks lafii she In gin walking with the aid of erutchcs Roentgenograms on Tune 16 showed union 
it the site of the osteotonn IR Si pti iiiber 1 she w is walking well and had no discomfort 

In M n 104S, the jilati , n ill, mil sciews *wcie lemovcd The incision healed bj^ first intention 

C\si' 3 A M F , a girl, nineteen j eais old, had had pyogenic disease of the left hip, which healed with 
solid boin fusion jiliis adduction-flexion defoimitj She walked with a four-inch lift on her left shoe Aftei 
siibtioelnntene osteotonn foi collection of 20 dcgiccs of adduction and 20 degrees of flexion deformity, 
till le lein lined two inches of difference in the length of the lower extremities 

On March 14, 1947, at the Piedmont Hospital, a femoral shortening of two inches was earned out By a 
1 iter il incision, the ti ochaiiter and uppci shaft of the light femur W'ere exposed, and a two-inch segment was 
remo\ cd from just below the great ci trochantci A medial tongue w as left on the proximal fragment, and the 
fragments were accurateTy appioximatcd Fixation was by a Smith-Petersen nail plus plate and screws, the 
proximil screw engaging the pioximal and distal fragments The wound w^as closed in layers, and the usual 
dressing with an elistic-bandage spica was applied A blood transfusion was given during the operation 
The patient had no unfavorable reaction (Fig 10) 

On March 31, the wound had healed per prtmam and the sutures were removed The patient was dis- 
charged from the Ilosjntal, but was cautioned not to begin w'eight-bearing until roentgenograms had been 
taken, at the end of three months When seen on October 21, she was walking well wath only shght lameness 

SUMMARY 

It IS suggested that this plan foi subtiochantenc shoitening of the lower extremity 
maj' have the follow ing advantages 

1 Befoie the osteotomj^ is done, piovision is made for maintaining the noimal angle 
hetw een the shaft and the ti ochantei 

2 No external fixation is used 

3 The ti ochantei 1 C flange adds stiength, stabiht}’-, and bone contact, m addition to 
being helpful in the setting 
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DISCUSSION 

Dr Walter P Blount, Milw^aukee, Wisconsin The papei w hich Dr Thornton has so beautifulb 
and so modestly presented illustrates an excellent method of shortemng the lower extremity There is no 
need for him to go into the indications, w e all know them The question is “ What is the best method of equal- 
ising limb length after growth has stopped'^’ ” 

To shorten a femur in the middle third is an operation of considerable magmtude It carnes greater risk 
of deformity, such as bow ing or angulation of the shaft, than an operation at the proximal end I noticed no 
complications in Dr Thornton’s cases, and there is no reason w hy there should be anj Operation in the 
middle third requires a cast in most instances There is sometimes delaj in union, which is not so likch 
w here the bone has been cut in the more x^ascular proximal portion There is no question about the distal third 
I think that no one w ould attempt the operation there 

I have used a method very similar to the method just show n, w Inch w as suggested to me b\ Hugh Smith 
in 1943 I have tiied it out in various conditions and used it for different degrees of shortening I have used a 
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blade-plate, a modification of Austin Moore’s plate, instead of Dr Thornton’s appliance Dr Fanil, iiliob 
here, and I conceived this idea of internal fixation of an osteotomy independently In one case, mth one and 
one-quarter mches of shortemng, good progress uas made because the boj was fifteen Five months later 
there was solid umon After fourteen months of fixation the device was removed and the hip was nearl) 
normal I do not know whether or not it is necessary' to take out the fixation device In older patients and 
with inert metal, it is not necessary In the boy just desenbed, I took it out 

The danger in older patients is cluefly that of delayed umon Dr Thornton left a tongue of bone on the 
proximal fragment I did that m one case, but it did not prevent dela} ed umon I have done eight cases, mth 
delayed umon m one and non-union in one I urge the use of additional bone from the site or from the hone 
bank to ensure umon 

I mentioned only eight cases because m Wisconsin, at least, v e do not often have to shorten the lower 
ex-treirntj" We arrest groudh m time by the excellent method of Dr Phcmister or b} stapling the epiphysea, 
and rarelj' do ve have patients vith very unequal limb length 

It seems sigmficant that this paper vas presented immediatel}’’ after the ones on avascular necrosis 1 
should urge that care be taken not to produce too much trauma, because of the danger of this complication 
We all know that it may occur m intertrochanteric fractures It \s ould be too bad to produce a fracture below 
the hip m a patient from eight to fifteen years of age and to obtain avascular necrosis 

Another possibilitj' is the use of the Kuntscher mil as internal fixation in tlic shortening operation 
Dr Carpenter and his co-w orkers recentlj demonstrated this bcautifulli I rather think that Dr Thornton’s 
method and mj' method may be supplanted in the near future bj-^ the use of the Kuntscher nail 

Dr J Warren White, Greemillf, Solth Carolina I appreciate Dr Thornton’s bnnging thb 
method to our attention It is an excellent \s ay of doing shortening of the femur and I am using it in selected 
cases, but I still feel that shortemng m the middle third is tlie method of choice This contribution, I think, 
has great value m those cases where jou have to do more shortening than is possible in the middle tlurd 
There is a certain amount of difficulty in closing the w ound w hen more than t\\ o inches of shortemng are 
done in the middle tlurd This subtrochantenc shortening is of particular lalue m those patients hanng 
bulky thighs, for the closure is much easier, owing to the relatue difference m the amount of soft tissue 
present 

I wish that more people v. ould consider shortemng in the middle tlurd I have done a great manj such 
operations, without the mechamcal difficulty that I have had with five or six subtrochanteric shortemng' 
Of these subtrochantenc shortenings, I have had two with delajed umon and one with non-union Of the 
shortemngs in the middle third, I have had no delaj'ed unions or non-unions 

Dr J Albert Ivet, St Louis, Missouri I have used the subtrochantenc method and I do not like it 
verj'^ well I shorten the femur m an adult with a good deal of trepidation I cut the bone with a Gigli saw, 
w hich seems to me the easiest method I think it w ould be difficult for me to make this tongue as Dr Thorn- 
ton has suggested One should be sure to get the blade or nail-plate m position before cutting the femur In 
one instance my Gigli saw cut a little too far and the femur broke before I got the blade or nail-plate into 
the neck of the femur I w as faced w ith the troublesome problem of how to overcome the postenor displace- 
ment of the distal fragment Also, after you leave the lesser trochanter you are not deahng with cancellous 
bone It takes just as long foi it to unite heie as in the middle poition of the shaft Therefore, I am still in a 
quandary I tlunk I prefer an oblique or Z-plastic method, with the osteotomy m the lower portion of the 
femur and internal fixation of the fiagments 

Dr Law^son Thornton (closing) Subtiochanteiic femoial shoiteuing, which was originated b\ Dr 
Blount, has become generallj’- used The object of this presentation is to show another technique, m which 
the Smith-Petersen nail plus an especiallj' designed trochanteric plate ai e emploj e 1 
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Dining the fiist 3'^cais of Woild Wai II, compound fiactuies of the femur resulting 
fiom battle lujuiies weie tieated, foi the most pait, bj’’ Oir dressings and immobilization 
111 plastei-of-Paiis spica splints In 1944 , concuiient noth the advent of delayed piimaiy 
closuie of nounds, this tieatment was discaided m favoi of skeletal ti action It was felt 
that this change in tieatment would lesult in a bettei position of the majoi fiacture fiag- 
ments, maintenance of limb length, and impioved knee and ankle motion 

In this studj’' of si\ty-eight fiactuies of the femiii which weie tieated by skeletal 
ti action in an Aimj’’ General Hospital, ti action was accomplished by the use of the 
Ivnschnei niie and the extiemit}’’ was suppoited in balanced suspension The Peaison 
attachment n as used in conjunction n itli the Thomas splint, in ordei to establish early knee 
action Supiacondjdai tiaction was piefeired to that obtained thiough the tibial ciest 
The supiacond3dai legion nas selected foi the inseition of the IGischnei wiie, unless 
contia-mdicated b3’' the piesence of a soft-tissue wound involving this legion of the thigh 
01 b3’- a fiactuic of the distal thiee inches of the femui 


TABLE I 

Ti pzs or Fractures Treated 



Simple 

Compoun J 

Total 

Comminuted 

1 

38 

39 

Oblique 

4 

18 

22 

Transverse 

2 

5 

7 

To als 

7 

61 

68 


Supracondylar Traction 

Since a difference of opinion exists legarding the choice of site foi inseition of the 
Kiischner mre, the advantages obtained fiom supiacondylar traction 11011 be stiessed 
The geneial lule governing the use of skeletal traction — that is, nevei cross a joint unless 
necessar3'-— still holds in this instance If we are seeking skeletal tiaction, wh3'- depend 
upon the transmission of this tiaction thiough the soft tissues of a joint “i* A protective 
mechanism is gained fiom the soft tissues mteiposed between the skin and femui, which 
act as a baiiier agamst infection extending from skin to bone In addition, these soft tissues 
serve as a cushion, lessening the possibiht3’' of skin necrosis from pressure of the wiie spread- 
ers Should piessuie necrosis occur ivith tibial traction, the bone is exposed, thus piedis- 
posmg to the development of osteomyelitis Furtheimore, if supiacond3dai tiaction is 
utilized m conjunction ivith knee motion, the mechanical advantages can readily be appie- 
ciated Theie is no local nutation of the femui resulting from flexion and extension of tlie 
tibia, and tiaction is mamtamed through the same plane With tibial traction, on the othei 
hand, the tibia rotates around the I^irschner mie as the knee moves, and the possibiht3'- 
of pressuie neciosis is enhanced The liirschner wire should be inserted under absolute 

* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 28, 1948 
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SKI bl 1 \Ij ntvt llON IN TllK TUbVIMKNl' OK lltAOTUItbS 

1 ABFF II 

Hanci of Knef Motion 

OF THE FEMUR S9 

D(gu'( of Motion 

Number of Cases 

loxll'llsioil 


hull 

61 

Sitisfieton (175 deguis 01 moie) 

!• U \ion 

7 

hull 

0 

Sitisfiiton (00 digues oi more) 

32 

Unv itisfaeton (less tlian 00 dcgiees) 

36 


abcplic technique, i\hilc the patient is in the opeiatmg loom Anothei measuie foi the 
prevention of infection and skin ncciosis is the use of at least twelve diessmgs, four by foui 
niches in size, placed ovci the end of the Kiischnei wiie The mneimost diessmg should be 
scaled to the skin by collodion, and tlie icmaming dressings should be held in place by a 
bandage before the viie spieadei is applied As a lesult of adherence to these pimciples, 
not a single case of infection oi picssuie neciosis of bone occuiied at the wiie site 

Skeletal tiaction was maintained until union of the fiactuie was solid clinically and 
loentgenogiaphically, and weight-beaiing with biace and dutches was possible How^ever, 
the traction was inteiiupted in piactically eveiy case duiing the couise of tieatment, since 
the majoiity of these patients had 
their initial treatment oiciseas 
and were placed in plastei spicas 
for the return tup to this countiy 
The average length of time fiom 
injurj’' to weight-beaiing was 6 1 
months 

Types of Fiadwes 

A simple classification of the 
types of fiactuies tieated (Table ^ 

I) indicates that si\ty-one of the 
total of sixty-eight w'ere com- 
pound fractures Thirt 3 '’-nme of 
the total number were commi- 
nuted, seventeen had loss of bone 
substance It was impossible to 
determine w^hether this loss of 
bone substance resulted from the 
oiigmal injury or, as suspected in 
many instances, from too ambi- 
tious debridement 

Knee Motion 

One of the chief aims of 
tieatment by skeletal traction, 
plus balanced suspension w ith the 

Pearson attachment, w^as to main- Fig 2- A. Fig 2-B 



tain a good lange of knee motion 
The range of motion obtained in 
these cases w^as disappointing 


Anteiopostenor and lateial roentgenograms illustiatmg a ca«e 
in which anatomical alignment of the fracture fragments wa= 
not obtained However, good bone eontaet was present ind tin 
functional position w is eonsidered sati^f ictor^ 
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The appaiatus does not peimit full extension, and flexion is possible only to 135 degrees 
However, in some knees that could not approach even this limited range of motion, some 
knee function was maintained, this prevented a fibious ankylosis which might have de- 
veloped, had the extremity been immobilized m a circular plaster splmt (Figs 1-A, 1-B, 
and 1-C) Because it was impossible to obtain a ring lock-knee brace, it was necessary to 
use a stiff toe-to-giom brace with an ischial img, which held the knee in full fixed extension 
These patients weie instructed to lemove then biaces and to exeicise their knees, but, 
since the majority were gianted convalescent fuiloughs, it is doubtful if the instructions 
were cairied out conscientiously Consequently, motion was actually lost during this 
important period of treatment, whereas it would have been gamed, had a knee-lock brace 
been applied to permit motion during non-weight-beaimg These patients were followed 
for an average of only two and one-half months after weigh t-beai mg had been begun, 
and the majority were given medical discharges while they were still wearing their braces 
The range of knee motion at the time of discharge is shown in Table II 

LTinb Length 

Full limb length is not always maintained bj’’ skeletal traction With extensivelj 



Fia 3-A 


Fio 3-B 


Fic 3-C 


Fig 3-A Anteropostenoi loentgenogiani shows malposition and nnhinion of the fiactiiie fragments, 

with overriding and poor bone contact , . i c uitli 

Figs 3-B and 3-C Anteropostenoi and lateial view's after open i eduction and internal nxation 

metal plate and screw's and onlay tibial bone graft 
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comimnulecl finctuics, impac- 
tion 01 slioitcnmg fiom ovoi- 
iidmg of the majoi fiagmouts 
inav icsult in bcttci bone con- 
tact than Mould be obtained 
in an cfToit to scenic full limb 
length While evciy attempt 
should be made to maintain 
limb length, shoitcning of as 
much as one inch Mill not 
pio\ c to be a seiious handicap 
to the patient The eiideavoi 
to maintain limb length should 
be tempered Mitli caution, to 
prevent disti action of the 
fiactuic fiagmcnts 

The final limb lengths in 
this senes (Table III) indicate 
that 66 per cent of the cases 
treated by skeletal ti action 
had up to one-half inch of 
shortening, extensive shoiten- 
ing of tMo mches oi moie Mas 
present in oiilj’- tM o cases 
Anatomical alignment of 
fracture fragments should not 
be expected Math skeletal tiac- 



Fig 4-A Fig 4-B 

Fig 4-A Extensive comminution Math loss of bone substance 
Fig 4-B Limb length M'as maintained by skeletal traction until 
soft-tissue Mounds had healed, permitting internal fixation and re- 
placement of bone by dual tibial onlay grafts Mith metal screMS 
Iliac ribbons of bone M'ere placed in defect 


tion, hoM^ever, a satisfactory 

functional position can be obtained (Figs 2-A and 2-B) In this senes of cases, there was 
only one instance in Mdiich surgical inteivention M^as necessaiy to coirect malunion (Figs 


3-A, 3-B, and 3-C) 


Delayed Primary Closure 

Thirty-eight delaj^ed piimaiy closuies weie perfoimed on the sixty-one compound 
fiactures In most instances this meant a debridement with closuie of two wounds, a 
M^ound of entrance and a M'^ound of exit In other cases, M'^hen the injury was caused by 
shell fragments, closure of as many as six xvounds was necessary No closuie was considered 
successful until all Mmunds had healed TM'^enty-tMm, or 58 per cent , of the thirty-eight 
delayed pnmaiy closures were successful In the lemainmg cases Muth diaming wounds, 
healing M^as by secondary intention, Muth no gauze or other foreign body mseited into the 
wound These patients leceived peniciUm paienteially, and their wounds M^ere diessed only 
at veiy long intervals In no instance M'as fiank suppuiative osteomyehtis encountered 

Open Reduction with Internal Fixation 

Open reduction and mteinal fixation, m conjunction Muth skeletal ti action, Mcie 
considered necessary m eighteen of the sixty-eight cases The reasons for the repaiative 
surgery in these cases are as f oIIom s 

g 

Delayed union 

Loss of bone substance ^ 

Refracturc j 

Malunion 
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TABLE III 
^l^AL Limb Length 



Limb Length 

Number of Cases 


Full length to 34 mch of shortening 

45 


34 inch to 1 inch of shortening 

12 


1 to 2 inches of shortening 

10 


2^4 inches of shortening 

1 


Total 

68 


TABLE I\ 



1 1 PES OF IntEIINAI I' IXXTION 



Tibial onlat graft wath metal scitws 

4 


Tibial onlaj giaft with metal plate and screws 

3 


Tibial onlaN graft with screws and iliac bone 

2 


Iliac bone with metal plate and sciews 

9 


Total 

iS 


Wheie loss of bone substance uas encounteiecl, bone-giafting uas cauied out oni 
Mhen maiked shoitenmg uould lesult oi Mhen sufficient bone contact Mas lacking to 
ensuie union Although seventeen patients suffeied some loss of bone substance, opei 
leduction and bone-giaftmg (Fig 4 -A and 4 -B) veie consideied necessary in onlj' si 
instances 

In the eight patients opeiated upon foi delayed union, an aieiage of thiee and oik 
half months had elapsed since the injuiy This may be consideied a little eaily to foim a 
accuiate opmion The decision to opeiate uas based upon clinical eMdence of motion r 
the fiacture site and lack of callus foimation at loentgenogiaphic examination 

The thiee refiactuies occuiied at the end of fi\e, five and one-half, and six month 
iespectivel3% vhich undoubtedl3'' vas too cail3'^ to have solid bon3’- union One of the' 
patients had a contiibuting injui3’^ vhen he was tliiovn to the flooi of a bus vliile on In 
hist pass fiom the hospital 

The one case of malunion occuiied in a patient vlio, in addition to a tiansveisc fiac 
tuie, had sciatic-neive paial3"sis, suffeied fiom a causalgia lequiiing lumbai sympa 
thectom3q and had lepeated attacks of icnal colic Because of his complications, it wa 
impossible to maintain piopci immobilization m eithei skeletal tiaction oi a plastci spica 

'J ABLIO \ 

COMIM K \TIO\S 


C ( n jilif Uioii 


\unil)oi of t IMS 


\tphrolithi ISIS 
RcfiTctuie of fcniui 
Peroneal parahsis 

Ps^ choncuiosis 

Fiactuic of libial onIa\ gi ift 

Binding of Lane pi itc with bowing at fiaituie siti 
Soft-tissue absciss (dm to gau/c diissing left iii wound) 
Bofracture of wiied pattlli 
Fioren knee joint 

T otal 


3 

o 

0 

1 
1 
1 
1 
1 
1 
1 

13 
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SKI t,I l'\K Tlt\(TI()N IN Till' TUI' \ I’MI N I’ OF FIIAf'TIinFS OF THE FEMUH 03 

I’lu' i\p('s of inti'iii il (ix.ilion 'm' shown in Table IV Followang open leduction and 
inloinil fixation, skelel il li ulion was lesiiined, to maintain position until bony union 
h id o( ( 111 led 

Coiiiplxattoiis 

The { oinplu atioiis ('neouiileied in this sciics of sixty-eight cases aie consideied mini- 
mal (T'lble \ ) All of t 111' jTi t lent s w ei e coinpai atively 3''oiing adults, in good general health 
it (he tune then 1113111 les weie sustained Tliiec patients had nephrolithiasis One of these, 
is nientioned jneMoiisb, iKo had lausalgia This patient had fiactuied his tibial onlay 
gi ift while still ill ti u t Kill 

The pitieiit with psvchoneinosis was able to complete the tieatment of his fiactuie 
on the oithopiedie wild 

Anothei patient letuined fiom a week-end leave, complaining of pain at the fiactuie 
site with weight-beaiing Roentgenogiams showed that the metal plate was bent and that 
tlieie was bowing of the femiii it the fiactuie site When he w^as questioned, the patient 
admitted that he hid w ilkcd without the aid of biace 01 dutches This occuiied six 
months aftei inteinal fixition of the fiactuie 

The thud lefiaetuie oceiiiied 111 the patient wdio sustained an additional injury m a 
fall 111 a bus 

In one pitieiit , who had had an uneventful convalescence wath union of his fiactuied 
feniui, a xeiv definite softr-tissue abscess developed W'hen he became ambulatoiy The 
patient had little complaint of pain, and theie w'as no evidence of bone destruction by 
loentgenogium At the time of incision and diainage of the abscess, a foui by four gauze 
was lemoved, which had been left in his wound at the time of d^biidement or delayed 
piimai}’' closuic 

Due to lefiactuie, it was necessaiy to do a paitial patellectomy on a patient w^ho had 
had a wiiing of a fiactuied patella oveiseas 

Anothei patient lequiied a “quadiiceps-plasty” foi a frozen knee jomt This im- 
pio\ed his flexion fiom a fixed position at 180 degiees to flexion at 135 degrees 

SUMMXRX XND CONCLUSIONS 

Skeletal ti action is an efficient method of treating compound, extensively commi- 
nuted, oblique fiactuies of the femui 

In the piesence of extensive w'ounds of soft tissue and bone, skeletal traction is 
definitel3'’ the tieatment of choice 

Supiacond3dai ti action is prefeiied to ti action through the tibial crest, because theie 
IS less chance of infection oi of piessuie neciosis of soft paits oi bone Tiaction through 
the inxmlved bone is moie efficient than tiaction thiough the tibial ciest 
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OPEN REDUCTION AND INTERNAL FIXATION OF FRACTURES 

OF THE LONG BONES^* 


BY HARRISON L MCLAUGHLIN, M D , SAWNIE R GASTON, M D , 
CHARLES S NEER, M D , AND FREDERICK S CRAIG, M D , NEW YORK, N Y 

From the Department of Orthopaedic Surgery, College of Physicians and Surgeons, 
Columbia University, and the Fracture Service, Presbylerian-New York 
Orthopaedic Hospitals, New York City 


This papex piesents a leport of cases treated on the Fracture Senuce of the Presb^ 
teiian Hospital m New Yoik, undei the diiection of William Daiiach and Claj'^ Ray Mur- 
la}’-, duimg the last twenty yeais It deals specifically Yith the results in 200 consecutne 
shaft fiactuies of the weigh t-beai mg bones, treated b}’’ open reduction and mtemal 
fixation 

No follow-up was consideied adequate until the patient had been exammed at appro- 
piiate mtervals foi a pei lod of at least a j'ear Patients i\ ith fractured femoia y ere followed 
foi an aveiage of 5 4 j’^eais, and those with fiaetured tibiae for 4 1 j’^ears There were sl\ 
deaths Foui weie the lesult of concomitant mjuiies and occurred witlim the first few 
days One resulted from kidnej’’ disease, eight weeks following fracture, and one patient 
died m the electiic chan, seven w'^eeks after mjuiy Fifteen cases had madequate foUow-iip 
studies The pi ogress of the fiactuie w'as uncomplicated m these cases, w'hen the patients 
w'ere last seen The lemaming 179 cases, wnth adequate follow-up, foim the basis of this 
report 

^Evaluation of the results fiom open reduction and mternal fixation Jeads to erio neo ns 
conclusions, unless the mateiial analyzed is fiist classified accoidmg to the gipups m 
w^hich the method w^as used In this studj--, the cases weie sepaiated into thiee gioups 
(Table I) 


TABLE I 

Open Reduction and Intehnal Fixation in 
200 CoNSECUTira Shaft Fractuhes 



Tibia 

Femui 

By choice 

S3 

12- 

neccssitj 

-10 

47 

Compound fractures 

74 

4 

Totals 

137 

G3 


1 Opeiahon by Choice This gioup mcludes all cases in wdiich the same eventual 
result imght have been anticipated bj'- the use of othei methods of tieatment 

2 Opeiation by Necessity This gioup mcludes the cases not consideied amenable to 
tieatment bj'’ othei methods, oi those in wdiich opeiative fixation w^as expected to pioduce 
lesults definitelj’- bettei than could be obtained by othei methods 

3 Compound Fractures The vaiious effects of an open wound upon fiactuie tieat- 
ment wairant sepaiate consideiation of this gioup of cases 

The numeious common valiants mfluencmg success oi failuie of fiacture tieatment 
wall not be discussed m detail m this leport^An analysis of the role of such factors as the 
piopei choice, timmg, teclmique, and philosophy of opeiative fixation, the continuity and 

♦ Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 28, 1948 
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O') 

I'AHI.h H 

Oi’i X Ri mmioN and Ii^i unai Fixation in 
170 (’oNsi ( ini\) iSiiAi'i l'i(A( luiirs oi tiif Tibia and Femub 



111111101111171(1011 
iif(ci Opcntion 
{Per crtil ) 

Physiological 
Function 
Maintained 
{Per cent ) 

Pi oteeted Early 
Weight-Bearing * 
{Per cent ) 

By choice 

9 S 

86 9 

81 9 

Bj nccc'isiij' 

l(i f) 

83 3 

75 9 

Conipoiiiul fric( tires 

'59 0 

43 9 

42 1 


* Till' uorigo puriod of iiiolcrtcil w cight-beTriiig in ill fiactured tibiae in which internal fixation was 
done In choice w is 13 weeks 

ratioiiile of iftci-caic, and the coopciatiou of the patient will be leported elsewheie These 
factois ha\e proved highly impoitant in deteimmmg the quality of the individual lesults 
Faulty judgment in the choice of patient oi fiactuie usuall}’' piedicated an unsatisfactoiy 
result Except for defective technique, the most impoitant single theiapeutic factoi in the 
production of pool icsults v as opciation done late oi aftei other methods of treatment had 
proved ineiTective The ease of icduction, the efficiency of fixation, and the prognosis 
varied diiectb’’ in propoition to the speed with wdiich the operation w^as carried out 

Inteinal fixation in onlj’’ one plane was found to be madequate, unless supplemented 
bj’’ external immobilization Inteinal fixation in at least twm planes proved to be essential 
for secure stabilization of all shaft fiactures In the cases in w'hich this w^as accomplished 
(Table II), maintenance of joint motion and muscle action throughout heahng, as well as 
protected eaily weight-beaimg, w^as found to be both possible and safe 

Postoperative management depended upon certain features of the case in question 
Extenial immobilization bj’’ plaster splmts oi encasements w’'as used m the presence of the 
following conditions 

1 Unreliability oi disoiientation of the patient 

2 Fractures of the femur (spica) oi tibia (toe-to-grom plaster) m children In no 
child w^as internal fixation done by choice 

3 Decalcified or diseased bone, having poor holdmg power for screws 

4 Imperfect fixation due to comminution or loss of bone 

5 Imperfect fixation due to faulty operative techmque 

6 Infection (local rest of the part by splints until the mfection was under control) 

7 Severe soft-part damage (local rest by splmts until soft-part reaction had sub- 
sided) 

All externally immobilized extremities except when m a plaster spica (as in fractured 
femora in children) were also placed in balanced suspension for elevation, ease of nursing 
caie, and maintenance of motion in the jomts not immobilized In the absence of the indi- 
cations just listed, the extremity w^as placed m balanced suspension which allow^ed motion 
m all joints In fractures of the femui , the limb remamed m suspension until sufficient heal- 
ing had taken place to make protected ambulation safe In fractures of the tibia, suspension 
was removed and protected ambulation was commenced as soon as the operative wmund 
had healed and the associated soft-part reaction had subsided Many patients wnth frac- 
ture of the tibia were given a molded splint to wear w^hile sleeping, after the suspension 

had been discontinued 

Protection for ambulation was provided m the case of tibial fiactures by a removable 
leg brace fitted wuth an ankle hmge, and m femoral fractures by a toe-to-grom caliper 
brace fitted with a knee-joint lock Occasionally a plaster-of-Paris walking boot w^as sub- 
stituted for the leg brace m fracture of the tibia This non-removable, immobilizing form 
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'J’ABLE III 

Open REDucnoN and Internal Fixation in 
128 Shaft Frac turfs of thf "I iria and Ffmur* 




Non-Union 


Loss of Fixation 


Fcmui 

1 ibia 

0 


1 


Compound 

() 


0 


Simple 

1 


0 


* In each of the 12S c is s, inilion was innini iinid, < ul\ iiiolidod w( iglit-bp'inng was earned out in 

118 


of piotection \ias found to be infeiioi to a biaco, and was used only when justified by some 
factoi of time oi expense 

The external immobilization necessitated bj'^ inadequate inteinal fixation usuallj^itas 
found to offset the mam benefits of the inteinal fixation Table III gives ample proof that 
the absence of exteinal immobilization ^lid not jeopaidize the securit}’’ of adequate internal 
fixation The single loss of fixation occuiicd two months after operation in a patient who 
lefused to weai his biace The lecoid fails to show any specific reason for the one non 
union m a simple fiactuie of the shaft of the tibia The cases of non-union followmg com 
pound fiactuies of the tibia w eie all accounted foi b}’^ the cncumstances of the local lesions 
An adequate technique of fixation has pioved of tiemendous impoitance Bj' com 
paiison, the fixation mateiials used have pioved unimpoitant Although various metal' 
have been used with success, stainless steel has been found most dependable foi general 
use Vanadium has been discaidcd as unsatisfactoiy Manj’’ Vitalhum plates have been 
fastened to bone with stainless-steel sciews without any disceinible untow aid effect 
Electioljdic leactions have been obscived commonly at opeiations for the removal of 
stamless-steel fixation The amount of leaction has vaiied diicctlj' with the duration o! 
the exposuie, and has been unrelated to the amount of metal exposed to the action of the 
tissue fluids Frequently the reaction has been center cd around the tightest of the screw' 
to be removed, wdiile adjacent looser screws iveie umnvolved Despite laboiator 3 ’- postu 
lates to the contiaijqjmitliei loosening, loss of fixation, noi inter feience with union due to 
electrolysis has been observed^ 

In addition to compound fiactuies m which the material producing internal fixation 
w'as mseited__as a temporal^'' splint designed to be removed after bone heahng,_late 
removal of fixation material for relief of local pam or tenderness wms required m tw'enfi 
cases Evidence of some ejecti obTic reaction w as observed m most of these cases, and could 
leasonablj'' be considered as contributing to the production of local sj’-mptoms To date, 

TABLE I\ 


Bone Healing in 179 Consecutive Shaft Fractures of the Tibia and Femur 



Tibia 

Femur 

1 ^ 

Union Non-Union 

Cases 

Union Non-Union 

Cases 

By choice 

By necessity 

Compound fiactures 

51 50 1* 

10 10 

60 54 6'^* 

10 10 

44 43 T 

4 4 


* Successful union after hone-giafting . 

♦* Tliice patients had successful union after bone-grafting, two had late elective amputation, an 
lemaining patient was tiansfciied to anothei hospital and w'as not seen again 
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'I'ABLE V 

Anaiomu \i 111 suns IN 1 ^<) CoNsi ruiiM SiiAri FnACTtmcs or the Tibia and Femur 



ISo of 
('llM s 

Length 

Axis 

Noun it 

Short* 

Normal 

Visible 

Angulation** 

rhoiee 

01 

■)S 

3 

01 

0 

Bi nccixsiti 

'll 

17 

7 

50 

4 

Compound frictiiH’S 

01 

"lO 

5 

63 

1 

* T lie greatc’^t amount of 

''lioi (clung 

« IS 1 ccntiniclcis 





** In (wcntj-^cNcn ci'-ls ':liglil nnmihtion wns visible \-ray, undiscermble by cbnical examination 

this complic'ilion Ins not been cncountcied dining the peiiod of usefulness of the plate oi 
sciews In fouitcon iddilioinl ( iscs, icmotal of the fixation mateiial was lequired for 
olhci leasons 

“Electrohtic osteitis” his not been encoimteied as a clinical entity_Aieas of bone 
_absoiption adjacent to plates and sciews hate been obseived to be the seat of electrolytic 
icaction Most ajeas of alisoiption, with oi wnthoiit electi otytic changes, w'^eie tiaceable 
to infection oi defective technique ot fixation Although an undesirable phenomenon, 
clectiohsis has proved to be of minoi clinical significance as long as the_fixation material 
was icasonabl 3 ’’ inert and had been piopei^'’ applied 

RLSULTS 

Of 200 fiactiircs thiough the shaft of the tibia oi femui tieated by open reduction 
and mternal fixation since 1928, 179 aic sufficiently documented to be included m an end- 
lesult repoit 

Bone Healing 

At opciation, a majoi poition of the tissue debus and hemoirhage usually was evac- 
uated, so that in cases with adequate fixation theie ivas minimal formation of external 
callus In the piesencc of non-iigid fixation, the amount of callus usually was increased 
_Bon 3 '^ union m iigidlj’’ fixed fiactuies occuiied bj’’ gradual disappearance of tin li icture. 
fine, consequently an estimate of tlie time of bony union w’as impossible Clmical evidence 
of^nion m these cases w^as present fiom the start The incidence of bony union and of 
non-union is recorded m Table IV 

^Vonnd Healing 

Fift5'^-nine simple fiactuies of the femoial shaft w'^eie opeiated upon Theie weie no 


TABLE VI 

Adjacent Joint Motion in 

179 Consecutivt: Shaft Fractures op the Tibia and Femuh'^ 



Tibia 

Femur 

No of 
Cases 

Normal 

Lirmted 

No of 
Cases 

Normal 

Limited 

By choice 

51 


1 

10 

6 

4 

By necessity 


8 

2 

44 

32 

12 

Compound fractures 

60 

51 

9 

4 

1 

3 

1 


* All motion defects of more than a few degrees resulted from some special comphcation or from external 


jmmobihzation 
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TABLE VII 

Symptoms Encountered in 

179 Consecutive Shaut Fractures of the Tibia and Femur 



Patients 

Xo of 

Capable 

Cases 

of Foimei 


Work 


End Result 


1 ibi i 

Femur 

Asj^mptomatic 


87 

44 

Bad-v eather pain 


12 

6 

Other pain 


5 

1 

Pam requiring late removal of fixation material 

17* 

7* 

■*" Pam was ulievtd aftei 

umoval of fixation material m all cases 

TABLE VIII 

Average Time op Economic Recovehi 




Average Period before 
Ambulation 


With 

Restricted 

Activities 

(Monlhs) 


With 

Full Normal 
Activities 
(Months) 


Tibia (121 cases) 


1 

By choice 

51 

50 

1 

4 5 

By necessity 

10 


2 5 

4 8 

Compound fractures 

60 


24 

7 7 


Femur (58 cases) 


By choice 

10 

9 

2 

5 

Bj'' necessity 

44 

43 

3 7 

6 4 

Compound fractures 

4 

3 

4 

8 


infections lesulting in amputation Tliiee infections, two of which occuiied aftei earl' 
fiactuie of the plate in cases with postopeiatn'^e immobilization, lesulted m local osteo 
myelitis, but did not pi event bony union of the fiactuies Five tiivial infections, invohnns 
onl}^ the skin oi supeificial tissues, occuiied The lemamdei of the opeiative incision' 
healed by fiist intention Sixty-thiee simple fiactuies of the tibia iieie operated upon 
Two uifections, lesulting m localized osteomyelitis but not pi eventing bony union, oc 
cuiied One tiivial infection of the supeificial tissues occuiied In the lemaining case'’ 
healing was uneventful 


Anaiovncal Results 

Ability to maintain the length and axis of a fiactuied long bone, even in the piesencf 
of extensive comminution oi actual loss of substance, is one of the impoitant advantages of 
internal fixation,^ In all the cases heiein lepoited, these two anatomical featuies neF 
measuied bj'^ both chnical and loentgenogiaphic examination of the late lesiilts (Table V) 
Some of the twent 3 '--seven slight angulai defoimities, visible only bj'- loentgenogiam, an 
doubtedly weie contnbuted to bjr mamtenance of motion thioughout the peiiod of}ieal0 
and by piotected weight-beaiing puoi to bony union Many of them, howevei, lesulk 
fioml'aulty opeiative technique and weie piesent m the loentgenogiam immediately a *’ 
opeiation None of them caused tiouble oi weie appieciated by the patient 
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h'(in</< of Mottoo in UZ/ttn/t/ Joints 

In all r-iM's lioalod in ojk'H lodiution and internal fixation as the method of choice, 
uul in IS m un of (he odieis is w is jiossihh and safe, rnaintenance of joint motion and 
iniis(le iction ihioii(i;lioti( (he lie diiifi; jK'iiod was (he aim oi jthc postopeiativc piogiam 
At (lines this ohjeel i\ e was jnei hided In i om omitant mpiiies, systemic complications, 
01 defei tne ti\ idon, leqniiing supplemental e\tcinal immobilization Table VI shows the 
ond-iesuK motion in the joints adj uent to (he fiactiiie The patients having noimal mo- 
tion miint lined an_essentialh full lange fiom the stait, and did not leqiiire a specific 
ich ibilit i(ion piogi un to inohiiize (he involved joints following healing of the fiactuie 

1/ HI /)/()»( s 

As mentioned pioMoiislv, localized pain oi tendeiness, lequiiing late lemoval of the 
means of inteinal fixation, de\ eloped in a ceitain numbei of cases In some of these, noth- 
ing w is found to account foi (he loc d svmptoms Mectiolytic leaction betw^een the fixation 
nut end and the (issues was piesent in otheis Soft tissues, moving constantly ovei the 
surface of (he fixation, occisionallv lesulted m the foimation of an adventitious buisa 
which became punful Subcutaneous fixation usuallj’- lequiied eventual lemoval, because 
.of local tenderness oi pain Vn analvsis of the end-iesult symptoms is given in Table VII 

Time of Economic Rcliabililation and Disability 

Of the 179 fiactuies lepoited, 113 had end lesults completely normal to both sub- 
jeetue and objective evaluation If to these aie added the tw'enty-seven cases rated less 
than perfect, because of a slight angulai defoimity, visible by x-iay but not discernible by 
clinical examination (Table 1 ), 140 end lesults appioximated noimal Infoimation as to 
the patients’ iccoicn of then foimei economic status is shown m Table VIII 

CONCLUSIONS 

The use of open i eduction and inteinal fixation, by choice, is vin dicated in selected 
fractures of the shafts of the tibia and femiu, and m ceitam compound fractuies of these 
bones In this study, good lesults w eie found to be much moie dependent upon the w^ay the 
materials for inteinaTfixation w^eie used than upon then composition Pjxation iigid enough 
^make possible a maintenance of phj'siological function throughout healing most neaily 
accomplished the primaiy aim of all fiacture theiapy, — to lestoie the patient to his usual 
activities as soon as possible and in a condition as nearlj'' normal as possible 

DISCUSSION 

Dr Mather Cleveland, New York, N Y (Chairman) Three basic methods of treatment of fractuies 
of the long bones have been presented, and each of these authors has borrow ed at least one of the methods 
presented here todaj as an adjunct in his treatment of fractures of the long bones This should indicate that 
no single method, w hich wnll yield satisfactory results in every instance, can be applied to all long-bone frac- 
Uures We endeavored to make these presentations as nearly comparable as possible by confining the discus- 
Ision to weight-bearing long bones 

The fractured shaft of the femur is a grave surgical problem Robert Kennedy presented a senes of 120 
consecutive fractuies of the femoral shaft from Beekman Street Hospital Theie was a mortality of 14 pi i 
cent , mostly within the first twenty-four hours Fiom the First Surgical Division of Bellevue Hospital in 
New York, there was an identical mortality of 14 per cent Kennedy concluded that no single method of 
tieatment is applicable in all instances 

Dr Winant’s sivty-eight patients wnth fractures of the femoral shaft are a selected group The mortahti 
IS zero, because the deaths occurred overseas and the hardy or fortunate survivors reached the hospitals m 
the Zone of the Interioi Complications among these fit j oung men w ere mimmal Delaj ed primary closure 
converted many of the compound fractures into simple fractures In no single instance among these com- 
pound fractures of the femur w as there frank suppurative osteom 3 elitis Some of the w ounds healed bj second 
intention, how ever This represents an enormous advance over the situation w Inch prevailed during the earlier 
campaigns, when patients returned from overseas with their wounds plugged wnth petrolatum gauze, bathed 
m purulent evudate Penicillin also became readilj available earlj in 1944, and this ga^e the Arm% surgeon 
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DISCUSSION 


some needed assurance that delayed primaiy closure might l^c successful It had been successfully accom 
phshed twenty-five years earlier m World War I, without benefit of the antibiotics, and quite promptlj 
forgotten 

When Di Winant speaks of patients lequii mg internal fixation, he is in reality dealing intli those which 
j)i esentcd problems in bone replacement 

The important contribution in this pajiei is the verification of oui firm belief that delayed pnmary closure 
may be employed u ith success m a lai ge pi opoi tion of these compound fractures, and that suppurative osteo- 
myelitis fails to develop when intact skin is icstoied I hope Dr Wiinnt may be able to carry out an adcli 
tional follow-up study on Ins patients 

Dr McLaughlin’s paper is a vciy c ueful ind intcicstiiig analysis of 200 fiactuics of the tibia, fibula, and 
femui, tieated duiing a twcnty-ycai period Bony union by gradual disappearance of the fracture line, as 
desenbed by the authoi, takes place in transccrvical fractures of the femur It is quite different if there is 
scvcie comminution oi maiked displacement 

There was an incidence of infection of a little undci 5 jicr cent in the simiile femoral fractures operated 
upon, and of 5 per cent in the simple fractures of the tibia Happily, none of these had disastrous results, but 
there is a minimal risk despite the antibiotics 

These patients have been rigidly judged as to mainttnance of length and motion in joints, and 73 per 
cent were found completely asymptomatic undci the best possible conditions Patients recovered their 
former economic status in foui and a half months aftci simple fractures of the tibia, with fractures of the 
femur, five to si\ months weie lequiiod foi simple fractures and eight months for compound fractures,— an 
excellent rccoid 

Any scries of open i eductions of the fcmui is bound to icincscnt a picked group, in that the immediate 
mortality has been scicened out In Di McLaughlin’s sei ics of sixtj'-thrcc fractures of the femur, no mortahtj 
occurred 

I agice that technique is moic impoitaiit than metalluigy Di McLaughlin stressed that proper selection 
of patients foi open i eduction is iiccessaiy to obtain optimum results m fractures of the w eight-bearing bones 

Mr H Osmond CLA.nivr, London, England I believe that the surgeon who treats fractures should haie 
every facility at his command, fi om manual dcxtci ity to all the comiihcated methods of screwing and grafting 
that you see today I believe the safest method foi ti eating fiactures still is to reduce them with your Uo 
hands and hold the fiagmcnts m place w ith a plastei-of-Paiis splint In an analysis of 200 cases of fracture oI 
the femur treated up to 1944 in Biitain, the gieatcst difficulty w e encountered was non-union, due to stretch 
mg and sometimes to infection The infection did not occui fi om the oi iginal w ound, because tliat w'as usunlh 
so adequately ticatcd that it healed in a vciy short time The sejisis w’e had to deal with w as introduced b 
the surgeon I believe you should treat these fiactures coiisei vativcly if possible If not you should operate 
but only undei the most ideal conditions of bone suigciy If those conditions are not available, it is far bettc 
to wrap the fractuie in plaster-of-Pai is oi some other form of splinting and send the patient to a center fo 
fiactuie ticatment 

V The best ti eatment is by consei vative methods, with the fractui c held by simple means until it lis 
united, and immobihration of all the joints until union has occurred 


Dr H Earle Conwtll, Birmingham, Alabama Dr Winant has presented an excellent anal 3 'sis of ! 
jiropeily supei vised gioup of cases The lesults show that skeletal ti action is still the method of choice in nio.4 
compound, scvciely tiaumatwed fiactuics of the long bones, especially of the femur, — that is, in cases when 
the soft-stiuctuic damage is so scvcie that the bone and tissues could not withstand even the mminium 
trauma of an open internal fixation, or in those cases with such comimnution that sufficient!}' large bono 
fiagrnents aic not jiiesent foi the ajiphcation of internal fixation Dr Winant failed to classify the soft 
stiucture damage which is so frequently neglected m icports on fiactuie treatment 

Twenty-four yeais ago, I lepoited a sciics of 100 cases with fractures of the shaft of the femur, treated 
by skeletal tiaction, 50 per r cut wcie comiiouiid fractui cs, with an average soft-tissue damage of three pin 
In this senes only two had non-union which demanded open inteinal fixation, and these two wcie cases o 
comjiound fiactuie In none of the compound fiactuics was there any sevcie infection This w'as before fl"’ 
days of jicnicilhn and the sulfonamides, but not bcfoic good suigical d6budcinent was being piactised I bn" 
continued this ticatment in such cases with lesults as good as, if not bettci than, those obtained by 
nnthods It is needless to mention th it the suigical technique today should not be any loss meticulous JU" 
because we have jicmcillm and sulfonamides, but often too much confidence is placed in these agents an 
sui gical technique is neglected I have ahvays advocated the importance of good surgical dCbridement, an n 
mcehanical cleansing and caily closuie of the w'ouiid ^ 

Foi ycais I have treated all comiiound fiactuies of the femur by an oveihead frame, watli the 
oxticmity in the 90-90-90 jiosition w'liich was used in Woild War II This position that is, a nght-ans^^^ 
llexion of the thigh at the hiji and of the leg at the knee joint — makes compound wmunds very accessi 
ihessiiig and inspection of the cxticmity 
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I'or fraituns (liKUinli (lu' upix'i h\()-(iiiuls of 1 he shaft of the fcmui, I picfci skeletal traction through 
the lower fourth of the femur, while foi those in thelow’ci thud of the femoial shaft, I prefer skeletal traction 
t liroiigh t he ipiper foiirt h of t he t ihi i 

^kelel il It let 1011 deni iiids as good suigii il teehiiuiiie in its applic ition and convalescent observation as. 
open rediK lion It should not be ippladoi suin i\isid liy tiie ineviieiienced doctor, and, iri most instances, it 
j-hoiild be ipiilied under giiicnl inaeslhesia so Ihit n k d attempt at eaily closed i eduction wath muscle 
1 i\alion e in be m ide 

'J he small iMrschiu r w ii e is far suia i loi I o I he Rteinmanii inn for use in ti action Less trauma is done tO' 
the hone and surrounding tissuis by using a Kirsehiui wire of aveiage size 

Jnleriul fixation in sdcelid rises of fiadiiie of the femui, as in any othei fractuie, should be done_it 
an earh stage when ni c< ss ir\ , ind the suigcon should be capable of selecting such a ease early in its history 
1 im domg.more internal fixations mi simple trinsveisc frictuics of the femui with minimum soft-structure 
jnjiir3 todaj than e\cr 

111 order to ])rescnt a f lull of internal inn fix it ion (one example being the intiamedullary pm advocated 
bv Kuntsehir and others), I wisli to siv that the intramedullnii^ peg was discarded years ago I refer par- 
ticuhrlj’ to the beef-bone peg used bi Hendon and the cow-hoin peg used by Fowler and others The objec- 
tion tosuch mlisimedullari' jieg fixation was that it pioduced too much trauma to the vital bonc-hcalingaiea 
it the fricturc site, c.uisuig non-union m a large pciecntagc of cases Too often such treatment iec[uires a 
more ridical surgical aiipro irh lli in docs simple internal fixation A complicated fracture results, and moic 
triuma is produced tli in bj doing a simple open intcrnid fix ition Let’s not be misled by a fadist treatment, 
but dcil with each cose ns an indixndiial problem, and appl}' tlic ti ca tmen t to the fractuie and not the 
tract lire t o t he t real mcnL_ 

Osteomjchtis is an inevitable otciirrencc of the iiuhscnminate or mdiscieet use of exteraaj pin fixation 
I use such technique in a few selected cases 

Probabh no other fracture clinic could make such an authentic icpoit of lesults as Dr McLaughlin and 
Ills associates hax’c presented I hav'c obscived for many jeais the rigid doctiinc and practice of Dr Clay 
Raj Murray and Dr William Dariach in doing ojicn i eductions and internal fixation Their set-up is ideal 
We can never replace that peisoiial factor in medicine,_and we must ever be conscious of the fact that the 
Master makes the tools and not vice vei'sa 

In the fresh fractures in our Clinic, we aie aveiaging diout 5 per cent of open reductions with internal 
fixation We feel that if an av erage of ovei 10 [lei cent of open reductions occurs in a fracture clinic— that is, 
in fresh fractures — too manv oiicn reductions aie being done and the practice of closed manipulation and 
reduction is being neglected Our icsults bj the closed method have been excellent ,_however, the case which 
.^mands_opcii reduction and internal fixation should have carlj' attention and proper mechanical fixation 
jyith the proper metal _nj' so doing, the best results wall be obtained 

Dr McLaughlin’s report demands deep consideration before the technique presented is earned out 
First, analyze yourself ns follows How good a surgeon arc j'ou’ Do jou know damaged tissue when you see 
it^ Have you a proper set-up and wcll-tiaincd assistants^ Were you trained to do most of your work by the 
open or closed method? Last but not least, remember that a su i geon is not one who incises and thinks, but ^ 
one who first thinks and reasons and in most instances does not incise Dr McLaughlin s piesentation is foi 
individual consumption and not for general disti ibution 


Dn R I HAnms, Tokonto, Ontario, Canada Di Cleveland deserves our thanks m that he has 
[ilanned this symposium around a discussion of the principles of treatment We have listened to papers on the 
principle of open reduction and intcinal fixation, wc have listened to a paper on the principle of traction, and 
we have listened to a paper on the benefits of external skeletal fixation * J^ractures, however ,_do noLlencLthem- 
.Sc]yes.to_complete regimentation, as is t he_case in other fields of surgery, ^because they differ profoundly one 
from another, even^in the sameJroM What is successful m the management of one fracture may not be sue- ' 
cessful m the treatment of another, because of differences m the fiactures themselves Moreover, the apphe i- 
tion of methods of treatment of fiactures will vary from place to place and from individual to individual 
Many fractures demand for their best treatment more or less elaboiate apparatus, the highest technieal 
equipment from hospitals, the greatest skdl in the use of that technical equipment, and expenence and skill 
on the part of the surgeons, but fractures do not alwaj'S occur in places or under circumstances where these 
things are available Therefore, what is justifiable m the hands of a tiained surgeon in one place in a properly 

equipped hospital is entirely unjustifiable elsewheie 

This IS one of the difficulties in the discussion of fracture treatment, paiticulailj in terms of undergradu- 
ate and postgraduate lectures on fracture treatment Those who are concerned with undergraduate teaching 
frequently find themselves teaching one form of fracture treatment and jiractismg something different That 
IS because they arc skilled fracture surgeons and are justified in using methods w Inch thej w ould not be ju‘-ti- 

* By John R Nadcn, M D Papei not received m time for publication in this i'= 
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CRITICAL OBSER’^'ATIONS OF THE RESULTS IN THE OPERATIVE 

TREATMENT OF SCOLIOSIS * 

Bl WILLIAM H VON LACICUM, M D , AND J P MILLER, M D , NEW YORK, N Y 
From the New York Orthopaedic Dispensary and Hospital 

In the past thiity-one yeais, ovei 1,500 cases of scoliosis have been tieated suigically 
at the New Yoik Oithopaedic Hospital, including 850 cases tieated since 1928 by the 
Rissei hinge-jacket technique 

Fiom a study of the data compiled in an analysis of these cases, we are now m a posi- 
tion to outlme some of the causes of the substandaid lesults, and to present the rationale 
of a somewhat modified type of tieatment to coriect these deficiencies, which is noi\ 
coimng into use by oui staff 

In the study of many untieated cases of scoliosis, it has been observed that practi- 
cally all of these patients attain an eiect postuie thiough adaptive bone growth, the head 
bemg centeied peipendiculaily ovei the sacium, with the shouldeis and pelvis level It 
IS tiue that a fev , because of insufficient spinal segments, fail to attain this perfectly bal- 
anced state, but in all of them piogiess has been m that diiection This lesponse of the 
spine to some developmental defect oi muscle anomaly is, we believe, mediated thiough 
the constant action of the neive tiacts involved in the lighting leflexes, and is accom- 
plished thiough constant unilateial piessuie on the gioiiing bone in the spinal segments, 
accoidmg to the lavs of bone glow th Thus we have come to feel that the development of 
a scoliosis IS, in essence, a piotective leaction on the pait of the giow'ing spine, endeavoiing 
to maintain the eiect postuie m the piesence of some unbalancing foice oi forces 

These statements aie, indeed, self-evident when w'e leahze that it is contiarj'^ to the 
laws of phy'^sics foi a patient to stand eiectl}'^ and to wmlk wathout the body mass being 
placed peipendiculaily ovei the centei of the w'eight-beaimg platfoim Since the pelvis is 
paiallel to the w'alking suiface, thiough the demands of equal limb length, it follows that 
all spines, scoliotic oi stiaight, must be functionally peipendiculai to the ground 

In a full-giowni scoliotic spine, theiefoie, a so-called smgle piimaiy cuive is neces 
saiily balanced bj'' tw^o leveise cuives, — one above the piimaiy cuive and one below If 
pel feet balance has been attamed (as is usual), the sum of the twm leverse cuives must be 
equal in degiee to that of the piimary cuive In the so-called double primaiy patterns, the 
two equal laige cuives balance each othei, wdiile the high cei vicothoracic cuive balances 
the lumbosacial letuin to the elect To appieciate fully the significance of the total over- 
all balance of the individual patient, it is necessaij'- to analy-ze the spine and the individual 
as a wdiole, lathei than limiting study to isolated spinal aieas 

It must be constantly boine in mind that the individual veitebiae involved m scoliosis 
liave adapted themselves and then facet aiticulations to a deviated position of the spinr 
thiough out then entne peiiod of giowdh, and that the position they occupy is, foi them, 
functionall}'^ noimal Consequently, the veitebiae involved have a lange of lateial motion 
similai in degiee to then counteipaits in the noimal spine, diffeiing only in the fact that 
then motion is tiansposed to a deviated plane These facts hold tiue foi all the deviated 
segments in the scoliotic spine, both in the piimaiy cuives and in the cuives in the levene 
diiection It is a constant obseivation that the normal lange of lateial veitebral motion i"* 
much moie limited in the high thoiacic legion than in the liimbai aiea For this leason, m 
the pattein of defoimity of the single piimaiy cuive, we w ould expect the upper compensa- 
toiy cuive to be moie lesistant to spontaneous leveisal aftei an induced conection beloii 

*1{{ii(I il llic Annu il Meeting of The Amciiuin Academy of Oithopaedic Suigeoiis, Chicago, 
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1 Ills ii is lii'i'ii foiiiiil lo !)(' liiK', in oui soiU’S, and uc now believe that this uppei cuive also 
lequiies inelusimi in (he eoiieedon and fusion pioccdiiie, and that it should be collected 
b\ i similai dogioc 

With (hose coiisidei ilions in mind, i( is evident that, vhen collection of a single 
piiniaii cuive is effeiled, i( is a mislnke (o caiiy the collection to a degiee beyond the 
ablll(^ of the compeiisatoi v iiiives to leieise themselves spontaneousl}'' When such an 
oxcessne eoiieefion is riuicd out, the balance (owaid which that patient has staved 
thionghout the entiie giowth peiiod will have been destioyed Thiough the use of bend 
and tilt tests, we ha\e found th it, m the uciage fully matuied spine, the uppei and low^ei 
compensatoiv dines will lexeise themselves to a total of appioximately 20 degiees, and 
the gieitei imount of this leieisal will have been attained in the low^ei compensator}'- 
aioa Theiefoic, if balance is to be maintained postopeiatively, it is evident that the so- 
cilled piinniy dine ( in be collected in a niatiiic spine b}'- onl}^ about 20 degiees 

The impoitance of these factois is, we believe, biought out most cleaily by a 
studv of (he postojici itive findings in cases that have been ovei collected in a single aiea 
If the fined aiea has been stiaightcned to a degiee bc 3 ’-ond the ability of the compensatoiy 
Clines to lexcise themsehes, and holds m its collected position, the patient wall be 
unbalanced, and to logain li dance in oidei to ivalk eiectl}'-, he must lose collection in the 
fused area 

This unbalanced slate induced by opeiation, which has lemained static and unin- 
fluenced by any actne foice while the patient has been lecumbent in plastei fixation, is 
immediately subjected to a poweiful active foice, the iightmg leflex, W'hich asseits itself 
the moment the change n made to the upiight postuie, and locomotion, with or wnthout a 
plaster jacket, is begun *4 gradital but sustained loss of coriection ensues, occasionally, this 
undoubtedly occuis thiough a localized aiea of deficient fusion, but, as showm by lepeafed 
negatue explorations, it occuis xeiy often thionghout the geneial immature fusion area, 
rviihoul the presence of a pseudarthi osis 

In cases in which the spine was fully giown, the amount of collection lost has been 
directly piopoitional to the amount of ox ei con action, and the loss has not progiessed 
beyond the point of balance In fact, m most cases, the loss of collection pioceeds to a 
degiee xvhich is just equal to the combined amount of leveisibihty in the compensatoiy 
curx'es, as shoxxn by the pieopeiatix'e bend and tilt tests 

In the ex'ent that excessix'e collection has been earned out in a spine that has not 
completely finished its giowth, an ex'en moie inteiesting lebalancmg sequel dex^elops 
If the fused segment holds in its ox'ei collected position, the patient is out of balance, and 
in the lumbar x^ertebrae below, which aie still growung, a lapidly progiessmg cuive de- 
velops m an efliort to lestoie total body balance thiough bone growdh This piogiession of 
the lumbar cuive aftei collection and fusion abox'e is believed to be due solely to ovei- 
correction in the upper fused area The progiess of the lumbai cuive xvill be minimized, 
of course, if the ox'ci collection in the fused aiea is lost on the assumption of the position 
of weight-bearing 

We cannot emphasize too stiongly the impoitance of studying all of the spinal cuive^ 
and then spontaneous leveisibihties befoie deciding to what degiee to collect the so-called 
primary cuive Most of oui difficulties have come fiom too much coriection, rathei than 
from too little This is especially true in scoliotic spines in xvluch giowdh is not complete 

From the foregoing discussion it is evident that, in the suigical tieatment of scoliosis, 
if balance is to be maintamed, the amount of collection adx'isablc m a piimary curx'e 
must be determmed entirely by the precalculated spontaneous leveisibility of the com- 
pensatory cuives Any correction to a degiee greatei than this should, xxe beliex'^e, be ac- 
companied by simultaneous correction and fusion of all cuix'es in the spine Such coriection 
must be adjusted to lesult m postopei atixm equality of the sum of the lex'cise curves to 
that of the piimai}'- cuix'c, m each of then collected positions 
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In an effoit to meet the challenge offeied by these observations, we have now in use 
a type of jacket m which seveial aieas can be conected simultaneously 

It IS ob^aous that any collective modality, to be effective to the maximum, should 
vaiy somewhat vuth the pattern of the individual deformity, its location and flexibihty 
This IS possible in this type of jacket, vhich we have called the “transection jacket” It 
was designed paiticulaily to ehmmate some of the deficiencies of the hinge jacket, and 
has aided gieatly m improving and expeditmg theiapy 

The tiansection jacket is a body’’ jacket, mcludmg both the thighs and the head It 
IS diAuded tiansveisely into tvo paits, the dividmg line charactenstically bemg at the 
junction pomt of t’\\o equal cuives, — at oi neai the lumbosacral junction m the single 
piimaiy lumbai cuives, and at the lowei end of piimary thoracic cuives This jacket has 
neithei hmges noi tuinbuckles, and coriection can be accomphshed at any time ’within an 
hour aftei the jacket has been applied In the flexible cuives, the correction is usuallj’ 
effected by a manual shift of one transected poition of the jacket agamst the other In 
the moie iigid defoimities, the hinge jacket is prefeiable, oi surcmgles or ratchets may be 
used to increase the foice of the tiansection-jacket collection In flexible smgle primary 
cuives m the lowei thoiacic aiea, collections have moie lecently been made by tvo tians- 
veise cuts m the jacket, leaving a cential poition which embiaces the cential priman' 
cuive This double tiansection has the paiticulai advantage of foicmg the three cuives into 
alignment simultaneously This makes it possible to take full advantage of all the collec- 
tion obtamable m the piimary cuive and at the same time to coirect the leverse curves 
In such a manner, progress of lower cuives m immature, mcompletely giovm spmes is 
avoided, and a correction compatible with the balance for vhich every scoliotic strives 
through growth is alvays obtained 

This IS m sharp contrast to the limited corrections permitted by the past method of 
single-cuive correction, which has so often subjected the primary corrected area to the 
deleterious effects of fixed, incompletely leveisible compensatory cuives 

The cases tieated by means of the tiansection jacket have failed to show loss of 
correction and have been well balanced, postopeiatively Although the areas of fusion 
have been somewhat longer than in the cases previously treated, the clinical results have 
proved the advantages of this method over those previously used These cases aviII be 
reported in detail later 

It IS apparent that, m the selection of the areas for fusion, as well as in the consideia 
tions of the amount of collection sought, we have denated from the postulates of Fergu 
son Oui present enter la are 

1 In smgle primary curves, wheie correction has been carried out to a degree equal 
to the combmed reversibilities of the compensatory curves only, fusion of the piimarj' 
curve alone is mdicated This applies to those cases m which any type of correction has 
been employed 

2 In flexible smgle primary curves, where the double tiansection jacket has been 
used, simultaneously and proportionally coriectmg all curves in balance, fusion should 
extend to mclude all the oiigmally deviated vertebrae m then corrected positions This 
more inclusive area of fusion ensures the maintenance of a proportional amount of collec- 
tion m all cuives, and good postoperative body balance This technique is being applied 
particularly to scoliotic spines in which a considerable amount of growth is still antici- 
pated Since no imbalance is produced and piogiessive deformity has been arrested, tlieic 
IS no reason to expect further progress 

3 In those so-called double piimaij'^ cuives, where the pattern is essentially’’ that o 
two opposmg large curves, we employ exclusively the single tiansection jacket and fuse 
the total extent of both cuives, usually from the fourth thoracic to the fourth lumbar, la 
order to ensure that both cuives, Avliich have been corrected sy^mmeti really bcy’ond t ei 
1101 mat lateral ranges of motion, will lemain in that position 
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CONCLUSIONS 

iMoni lorcnl stmlics of postopontivc ond lesults in the tieatment of scohosis, we 
h no found nlial we believe to be (lie causes foi substaiidaid clinical end lesults We have 
ie\ oiled (hat eNcessive (oiieetion of single pninaiy ciiives by the hinge-jacket technique 
h IS cau‘'cd subsequent loss of balance As a icsult of the excessive collection, these piimaiy 
cm VOS of the spine Inn e been foiced to spontaneously le-estabhsh then owoi body balance 
^^e ha\e jnesented the se^ol il couises taken by these cases in their postoperative spon- 
taneous letuin to balance, evidenced chmeally in lecuiient primaiy deviations, or in new 
dcfoimities in adj leent aicas of the spine 

In conclusion, inan> of the substaiidaid icsults in the hingeqacket treatment of scoli- 
osis at the New' \oik Oithopaedic Hospital have been tiaced to excessive correction in 
single piimaiy cuivcs Fuithei, the failuie of compensatoiy cuives to reverse spontane- 
oiish , m lesponse to jacket collection of a single piimaij'’ cuive, is a consistent finding 
Jacket collections winch do not take into consideiation multiple spme deformity and total 
bod^ balance aie doomed to lehtive failuie, eithei by compensatory phenomena, w'hich 
de\elop second iiity, oi b> loss of piimaij' collection 

Finallv, moic comjnchcnsivc jninciples of collective theiapy have done much to 
impio\e and to expedite siiigical theiapy The tiansection jacket, aftei four yeais of use 
on more than 100 cases, has piovcd a highly valuable adjunct 

DISCUSSION 

Dn Aibeiit B Fi-nGCSov, Buooklixe, Massachusetts It has been a great pleasure to study the pa- 
pers of Dr von Lackuni and Dr Cobb Both contribute toward the solving of some of the difficult problems 
of scoliosis Both authors bchc\ c that the only effective treatment of scoliosis is correction and fusion, when it 
has become essential to slop progress and preserve alignment In such a case, the question is “What portion 
of the spine must be corrected and fused? ” 

In the given case, there are one or more curves which must be corrected and fused if satisfactory ahgn- 
ment is to be aclneved and maintained, there may be one or more curves which will adjust themselves in a 
satisfactorj' manner without fusion I see no point in aiguing whether we should call a curve that requires 
fusion a major curve or a primarj curve, neither term is w'holly satisfactory It would be helpful if we could 
agree on some term that all orthopaedic surgeons w'ould understand 

The more important question is “ How can we identify these major or pnmary curves which must be 
included in a fusion'^”’ The answer is not to be given m this short discussion Some help will be gained by 
the study of what has been w ritten about pnmary curves by such authors as Risser, Ullrich, Smith, and my- 
self Much help wall be gained from the study of the present article by Cobb* I wall take the liberty of 
emphasizing only one point in this connection I receive films of many cases w'hich have had lateral bending 
to study passive correctibihty, but very few w hich include a tilt test to study the power of the patient to cor- 
rect the curve or curves in the lumbar and low' thoracic areas I venture to state that, even though one may 
be able to point out a rare exception, a curve which shows full correction on the tilt test w'lll not cause 
damaging disahgnment after fusion of other curve oi curves The test should be much more widely used, 
especially by those of lesser expenence, as an aid m determimng whether or not the lower half of the spine 
contains a curve or curves that do not need to be included in a contemplated fusion 

The tilt test is performed by roentgenographic examination in the erect position, wnth the pelvis raised 
three or four inches, first on one side and then on the other, by a sandbag under the buttock, if sitting, or 
a lift under the foot, if standing 

It IS a fundamental principle of scohosis that, after a deformity has been induced in one or more loca- 
tions m the spine, the unaffected portions of the spine and the pelvis tend to align themselves in such a way 
that the body wall be in balance, with the head erect over the center of the pelvis, this alignment will be 
attempted in the easiest possible w'ay This important principle has not been sufficiently appreciated prob- 
ably because it has been described by many cumbersome words It is, therefore, a pleasure to hear Dr von 
Lackum use the term “righting reflex” to express this principle briefly and pithily 

Dr von Lackum has been making a senous attempt to avoid successive periods of correction and fusion 
for opposite curves, by means of a jacket designed for simultaneous correction of opposite curves w ith a single 
period of immobihzation for fusion The achievement of a commendable result bj such means w lU obviously be 
of great value in the surgical treatment of scohosis He has used this jacket for only four years, so comparatively 
few cases have a three-year follow-up Distressing expenence w'arns me that this is not long enough for the 
evaluation of a method of surgical treatment of scohosis I trust tliat his enthusiasm for the method will 

* Not yet received for pubhcation 
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continue to be justified, but I shall uant to heai fiom him again in another thiee or four years before 1 
advocate the use of this jacket The type of correction obtained is like that of the Blount brace More time 
IS needed to deteiinine whether or not the jacket is better than the brace 

Di von Lackum has emphasized ovei collection as a cause of substandard results Why does he empha 
size “oveicoirection”’ How have the results obtained ivith the transection jacket compared with those 
secured by use of the Rissei jacket in patients having the propci degree of coirection three years after fusion’ 

I do not agree wuth all of Di von Lackum’s theoietical considerations For e\ample, I think asymmetn 
cal bone growth is ovei emphasized, in relation to othei factors which alter alignment of the spine, and a 
progressmg, unfused, piimary or majoi curve is desciibed in some of his cases as asymmetrical growth 
resulting fiom ovei con ection I shall not discuss theory, improved results are the important thing, and both 
authors have done a great deal to achieve that end 

Dr Albert C Schmidt, Milw aukee, Wisconsin Dr von Lackum has pointed out that it is necessaij 
to anatyze the spine and the individual as a whole, rather than limiting the study to isolated spinal areas 
Too often the study is limited to the lowei two thirds of the spine, occasionally wnthout standing films To 
anal3ze a scoliosis piopeilj', the vaiious cuivcs have to be studied in i elation to a line parallel to the ground 

It IS mj' understanding that a vertebra involved in a cm ve has a range of lateral motion not necessanlj 
similai in degree to its counteipait in the noimal spine, but proportional to the amount of structural changes 
in that vei tebra It has also been my obscr\ ation that, although a spine w Inch is sohdl3" fused does lose some 
of its con ection, it does not necessaiil3' inciease to the combined amount of i cversibiht3’^ of the compensator} 
ounces 

Dr von Lackum states that, w hen excessive correction has been carried out in a spine that has not com 
pletel3’^ finished its growth, the patient is out of balance, then, m the still-gi owing lumbar vertebrae below, 
there develops a iapidl3' progressive curve m a direction opposite to that of the fused aiea, — a natural effort 
to restore total balance It would seem that the compensatoiy curve would have to decrease, instead of in 
crease, or there would develop another cuive in the opposite dn ection — namely, the same direction as the 
fused cuive — m older to restoie bod3’' balance 

I have had no expeiience with the tiansectioii jacket, Jiowever, it appears to be very effective in the 
double cuives, and apparently requires a much shorter period in the hospital prior to surgery than man\ 
other methods It also avoids undue pressuie on the compensatoiy cuives 

Dr HenrtF Ullrich, Baltimore, Mari land Practicnll3’’ every essa3ast on scohosis begins his paper 
with a statement to the effect that a study of scohosis is vei3'^ confusing From there, he describes his concept 
of the deformit3’', leaving the leader or hstener in agreement that confusion is the most constant finding 
After healing the excellent papers by Di von Lackum and Di Cobb, I wonder if it would not be possible 
to simphf3’' our terms and standaidize our terminolog3' 

Certain phases of Dr von Lackum’s treatment of this deformity stand out in my mind 

First, scohosis affects not only the entire spine, but also the entire individual Let us keep our mini 
fixed on moie than the so-called piimar3' curve 

Second, the choice of patients foi opei ation is impoitant It is now possible to pi edict wdiat a cuive will 
be from expected giowdh Indications for operation are pain and the amount of deformit3' w Inch will be pres 
ent when growth has been completed 

Thud, the deformit3'^ depends not 0013-^ upon the curvatuie or curvatures themselves, but also upon the 
relationship of one cuive to the othei Restoration of balance and trunk displacement are, therefore, even 
more important than curve con ection per se 

Fouith, fusion-area selection cannot be emphasized too strongl3', and we must keep m mind the simple 
fact that for evei3" degree of collection theie is a conect area which should be fused to lestore balance The 
less the correction, the longer the fusion area, and the greatei the coirection, the smallei the fusion area B} 
keeping in mind the fact that a so-called compensatory cm ve w ith structui al changes can behave as a so-called 
pnmary curve, we reahze that compensatoiy curves do not snap back to the elect the moment the tilt of the 
elect vertebrae of the primar3’' curve has been removed 

In closing, I would hke to emphasize the impoitance of balance, as compaied to eon ection, in treatment 
of this deformity Tlie patient is more inteiested in balance fiom a cosmetic point of view than in the number 
of degiees of coirection shown in a roentgenogram 

The tiansection jacket, I beheve, is a valuable contribution which aims at lestoring balance of the entire 
spine, instead of hoping for it latci, as happened occasionally wath use of the lunged jacket I w onder if f ^ 
extreme lateial bending at times did not aggiavate the existing ridging m the vertebial bodies in conapei®^ 
toiy cuives, and in that w ay hinder the stiaightening of the unfused poition of the spine This type of jac 
tends to minimize this, and, I beheve, is well worth the longer fusion aiea that is necessary 

Dr Walter P Blount, Milw aukee, Wisconsin I ask the privilege of making twm points wnth rcH 

to the scohosis brace Di Schmidt and I developed tlus brace together We prefer to call it the Milwa 

{Conhnued on page 1J,0) 
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111 l‘)43, llu' aiitlioi'i ' lopoilc'd two tasos of osteochondioma of the coionoid piocess 
of llio jiniidihlo Tlicn jioinled oiil llial thetiimoi had been an uniecognized cause of pio- 
gre^'Sivo linnlation of motion of the i nv, and that its lecogmtion b3M oentgenogi ams taken 
in the usual position employed foi studies ot the mandible was unlikely Special positions, 
to be used foi moie accuiate detection of this condition b}’^ loentgenogiaphy, weie de- 
scribed As fai as could be detei mined at that time, no pievious leports of this condition 
had appealed in the hteiatuie, noi have anj'- been found subsequent!}’- The fact that four 
such cases ha\c been obseived within oui own limited piactice makes us believe that this 
lesion, although uncommon, occuis moie fiequentlj'^ than is lecognized It is the puipose of 
this papei to lepoit a follow-up of the oiiginal two cases, to lecoid tw’o additional cases, 
and again to call attention to the condition and the means of its lecognition and coirection 


Case 1 F K , a fiftcen-j car-old boj , first came to the Johns Hopkins Hospital in June 1936, complaining 
(hat painless progressu c sw c lling of ( he left side of the f icc had been present for three years Except for the 
fact (hat forceps had been used at birth, tlicic was no history of trauma He was knowm to have congenital 
siTihilis Examination showed a hard swelling, 3 by 4 centimeters in size, in the left zygomatic region There 
were no signs of inflammation Ihc overlying skin and the movements of the jaw were normal The Wasser- 
mann test of (he blood was positive, but that of the spinal fluid was negative Roentgenograms taken in the 
usual anteropostenor and lateral positions were interpreted as showing a tumor of the soft tissue, producing 
distortion of the coronoid process of the mandible and of the zygoma Syphihs was considered the most 
probable diagnosis and intensive antisyphihtic treatment was instituted, but the swelling continued to 
increase in size Limitation of the motions of the jaw was first noted in 1940, and inci eased progiessively At 
the time of readmission to the Hospital on January 15, 1942, the sw'elhng of the left side of the face measured 
6 bj 4 centimeters and w as bonj hai d The mouth could be opened only a half inch and occlusion w as imper- 
fect The Wassermann test was again positive Roentgenograms taken in the usual anteioposteiior and lateral 
positions did not define the lesion accurately, but the special positions employed by one of the authors 
(W H B ) showed a large osteochondroma (Fig 1-B), arising fiom the left coronoid piocess and extending 
upward, outward, and forward, impinging on and distoiting the zygoma The bony tumoi was removed 
(by R T S ), the resected zygoma was replaced by means of wire sutures, and the jaw recovered its noimal 
motion Convalescence was uneventful, and the patient left the Hospital on the eighth postoperative day 

In June 1947, five and one-half years later, the patient returned for examination At this time he had no 
complaints, the jaw had a full range of motion and function (Fig 1-C), and asymmetry of the face was 
perceptible only after close inspection The operative scar was minimal 

Case 2 H P 0 , a male, aged nineteen years, was admitted to the Johns Hopkins Hospital on March 
29, 1942, on the service of Dr Geoige E Bennett, complaining that limitation of motion of the jaw had been 
present for two years The disability had previously been attributed to impacted wnsdom teeth, these had 
been extracted in another city, follow ed by a subsequent severe local infection, but wathout improvement 
Wedges between the teeth had later been used without benefit, and the patient was referred to Dr Bennett 
for possible temporomandibular arthroplasty At the time of admission, prominence of the right zygoma w as 
noted, but nothing suggestive of a tumor could be felt There was no evidence of inflammation The mouth 
could be opened only 1 centimeter, but occlusion was good The remaining physical findings and the labora- 
tory studies, including a Wassermann test, were normal Roentgenograms taken in the usual anteroposterior 
and lateral positions were not definitive (Fig 2-A), but those taken in the appropriate position showed an 
osteochondroma of the coronoid process (Fig 2-B) with erosion of the z 3 ’goiTia and of the superior maxillarj 
bone At operation (by R T S ) the zygoma was resected in segments, the tumor was excised, and the frag- 
ments of zygoma w ere replaced by threading them on a ware like a string of beads 

The postoperative course was smooth The patient left the Hospital on the eighth postoperative da} 
with a full range of motion of the jaw, but with inability to wrinkle the right side of the forehead This 
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I'lf; 1-A F ]v C ISO 1 I’lootKKilivo io(ii(K<noKi nil, lalvcii 
in tlui sinus ))osi)ion with llio mow showing tiu liimoi 
(lU')iro<lumi, In iH-rnnssion, fioin Siitdoi/, Giiiirmhiqy and 
Oh'ftclnr"^ ) 

Fig 1-li J’rLoporitivi loonlgcnogi iin, ( ikt n in (la sp<ciiil 
position, shows the tumor of the coionoid (Allow iiointb to 
t In t uinor ) 

Fig 1-G Fhotognph, I ilnii live v lifn, shows full 
ringc of motion of the j iw is will is onh slight Ij iKiccptiblc 
ssMiime(r\ of the fire 


condilioti persisted for sciLril months, hut then ictuincd to 
norm'll M it Inn ■i^eir'iflcrhisopinition he w ns ncccplcd in the 
Mnnne Corps, nnd ser\cd is m olTiccr until the end of the Wnr 
In Mnj 19-17, the jinticnt returned for txaimnntion, at that 
tune the range of motion and function of the jaw were normal, 
there was no perceptible asjmmetrj of the ficc, nnd the oper- 
itue scar was minimal 


C\sf 3 S K , a man, (hirtj -eight us old, was referred to 
Dr George E Bennett on M irch G, 1915, because of a cracking 
sensation in the right jaw when he opened and closed his mouth 
This had been present for fi\c years In addition, the patient had noted that for the pi Deeding twoyeais the 
right side of his face had become increasingly swollen and motion of the jaw' W'as becoming piogressively 
limited lie had consulted nianj' iihjsicians during this time, without a diagnosis having been estabhshed 
AVhcii admitted to the Johns Hopkins Hospital on March 7, 1945, the right check was swollen and bony 
hard Abilitj to open the jaw was noticcablj' limited and, when attempted, ciepitation was palpable in the 
region of the right teniperomnndibular joint The Wassermann reaction was negative Roentgenograms 
(Fig 3), taken in an oblique position, showed osteochondroma of the coronoid process of the right mandible 
On March 8, 1945, Dr Bennett removed the tumor by the operative method to be described here (Fig 
5), but did not replace the resected section of the zygoma Convalescence W'as uneventful and the patient 
left the Hospital on the seventh postoperative day At that time motion of the jaw' had returned to normal, 
and the crepitant noise bad disappeared He w as examined on January 1, 1948, at which time the motion and 
function of the jaw were normal, the operative scar was minimal, and he had no complaints 

Case 4 G D , a w hite male, fifty-one years old, was admitted to the Veterans Admimstration Hospital 
at Fort How ard, Marjdand, on February 28, 1945, for an unrelated condition A routine history disclosed that 
III August 1943, two j'oars before, he had been struck in the left side of the face and jaw' by a passing truck 
Since that time he had had a cracking noise in his jaw when he opened and closed his mouth, and had also 
noted increasing limitation of motion in carrjang out this function Examination showed fullness of the left 
zygomatic region as compared to the nght, and he was unable to open the left side of the jaw' as wndely 
as the nght 

Roentgenographic examination (Fig 4) (by Dr John T Blacken, Jr ) in the anteroposterior sinus posi- 
tion showed fragmented hj'perostosis in the region of the coronoid process of the left mandible, with an 
exostosis of the coronoid impinging on the medial surface of the zygomatic arch There was some iriegulanty 
of the posterior surface of the zygoma, suggesting an old fracture The Wassermann test was negative 

On May 18, 1945, an incision was made at a right angle to the left zygoma, one inch anterior to the 
left auditory meatus, and carried down to the zygoma A three-quarter-inch section of zygoma w'as removed, 
and a bony tumor, which w'as fused wath the zygoma on its posterior surface and w hich impinged on the 
coronoid process, was excised After excision, the coronoid process moved freely w'hen the jaw was ojicncd 
and closed Ho attempt w as made to replace the resected segment of zy goma, and the w ound was closed m 
layers Convalescence was uneventful, the patient was well when last seen, at the time of his discharge from 
the Hospital 

The last case differed fiom the otheis in that the tumoi xvas osseous lather than an 
osteochondioma, it aiose fiom the zygoma instead of the coionoid, and follow ed a definite 
histoiy of tiaiima xvith loentgenogiaphic evidence of pievious fiactuie of the zygoma 
How'evei, it is included because, due to its impingement on the coionoid piocess, it caused 
the same symptoms of piogiessive limitation of motion of the jaw' 

The fiist thiee specimens w'eie lepoited by the pathologist as being typical of osteo- 
chondioma, with stalks of bone capped by a musliioom-like head of cartilage They weie 
located at the site of attachment of the tendon supplying traction at that point, namel3’’, 



Fig 1-C 


VOL 31.A NO 1 JANUARY 1949 






ObTLOCHONDROAIA OF Till CORONOID PROCESS 


111 



OL 31-A NO I JANUAR'i 1949 


Fig 3 Fig 4 

S K C ISO 3 Prcopeiative roentgenogram, taken in the lateial oblique G D Case 4 Pieopeiative loentgenogiam, taken in the anteioposterior position 

position, With the arrow pointing to the tumor (This roentgenogiam has with the airow pointing to the tumoi * 

been revel seel ) 





112 


R T SHACKELFORD AND W H BROWN 



Steps m surgical removal of osteochondroma of coronoid process (Reproduced, by permission, 
from Surgery, Gynecology, and Obstetrics ) 


the tendinous mseition of the tempoial muscle In these three cases theie was no histoiy 
of previous trauma, and the explanation offered is the same as that for osteochondroma m 
other parts of the body, where it commonly occuis at the sites of tendinous insertions 
Such characteiistic locations aie believed to be due to a defect in the peiiosteum at these 
points, perrmttmg piecaitilagmous blastomata to escape oi be pulled from the limiting 
membrane, and m time these cells produce an osteochondioma 

The diagnosis of osteochondroma of the coionoid process has not been easy It was 
established in each of the fiist three cases only after seveial j'-eais had elapsed The impor- 
tant pomts to emphasize in the diagnosis of this condition are a slowly piogiessive, painless 
limitation of movement of the jaw, unilateral malocclusion of the teeth, a bony-hard swell- 
mgm the legion of the zj'-goma on the affected side, and a bony projection visuahzed by the 
loentgenogiams, taken m the special position to be described These positions aie necessary 
to rule out such a lesion, as it is often not discernible in the anteioposteiioi and lateral 
positions loutmely used in obtaining roentgenograms of the jaws 

The position in -which this lesion is best showm by loentgenogiaphy is ilhistiated m 
Figures 6-A and 6-B The important point is that the central lay is directed tangentiallj^ 
to the cheek of the affected side, instead of bemg centeied on the mid-hne symphysis of 
the chm The anteroposteiioi position usually employed for demonstrating the nasa 
smuses may also give a good view of this lesion 
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1 lo'ilnionl coiisistb of sui excision of the giowth The opeiative procedure used 
(I'lg 5) lb cxpl'iinod 111 (lot 111 111 (he aufhois’ oiiginal aiticle In the first case, the resected 
zvgoiivi \\ as ic])! iced by y ii iiig it into place as a fice giaft, m the second, the zygoma had 
been icmo\ed in fiagmeiits and these ueie stiung like beads on a wire across the bony 
defect , in the thud 'ind foiiilh cases, no attempt was made to replace that portion of the 
7\goma which h id been lemo^ed The cosmetic lesult was equally good m all four cases 

Iiijuiy to the fuial neive cm be avoided by making the skin incision superioi and 
paiallcl to the c isily palpable infeiioi edge of the zygoma, below and parallel to w^hich the 
zygomatic bi inch of the facial neiyc couises The incision is deepened until the zygomatic 
pcnostcnm is nici‘'cd at its antaioi flange, whcic it begins to wuden before aiticulatmg 
with the main bone The zygoma is baied subpeiiosteally until the amount desiied for 
icsection his been exposed AVhen this piocedure is earned out subperiosteally, the 
z^gomatlc branch of the facial nciyc is displaced out of danger infeiiorly, and, if the stiip- 
ping begins at the intciioi poition of the zygoma and is not earned farther posterior than 
IS necessaiy to lo'scct the icquncd segment, the temporal branch wall likewase be spared 
as it a‘?ccnds o\ei the wadened postcnoi squamous flange of the zygoma This flange is 
posterior to the opciatnc exposuic rcquiied, and will be displaced posteriorly without 
harm if the o]iciatoi caiiics the subperiosteal stripping farther toward the ear than is 
usually ncccssai j Temporal y paialysis of either branch may occur if retractors are pulled 
too vigorously 

Ability to wi inkle the forehead was tempoiaiily affected m twm cases, but this func- 
tion retuincd in each instance aftci a short lapse of time There w^as no injury to the 
tngeminal ncr\e, Stensen’s duct, oi the oral mucous membrane Each operation required 
two hours and was followed by an uneventful convalescence of seven days, dunng which 
the patient legamed full range of motion of the jaw' These patients have been seen again 




Fig 6-A 

Fig (FA SliOMing the position to be used m taking a roentgenogram that is most likelj to reveal the 
tumor The central ray is tangential to the cheek, instead of being focused m the mid-hne of the chin 
Fig 6-B The same position as used for Fig 6-A, but mth the photograph being tak,ea from the side 
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after mterA'^als of from two to five yeais, and they have noimal function of the jaw, sym- 
metry of the face, and no sign of lecurience 

CONCLUSION 

Progiessive limitation of motion of the jaw can be caused by osteochondroma of the 
coionoid process of the mandible or by'' a bony giowth in the zy'goma A special position for 
loentgenogiaphy may be necessaiy to demonstiate this lesion The opeiative procedure 
described heie has pioved to be satisfactory' 

1 Shackelford, R T , and Brown, W H Osteochondroma of the Coronoid Process of the Mandible 
Sulg , Gynee , and Obstet , 77 51-54, 1943 


DISCUSSION 

Internal Fixation of Fractures of the Long Bones 
(Contmucd from page 101) 

fied in teaching to their undergraduate students This is important, and I am hajipy to say that it has been 
emphasized before in this symposium Many fractures w ill be treated by men ho are only occasional fracture 
sui gebns That is obvious from the very nature of fractures and how they occui 
» In a discussion of fractures and their treatment, we must bear in mind these modifynng factors Mr 
j Clarke summed the situation up well when he said that the si mplest method by and laige is the best I could 
/ modify it a little by saying that the simplest method which wall produce the best results^ in icga rd to the^ type 
of fracture, tt^ plaice in w hich it must be treated, Uie circumstances under w Inch it must be treated, and the 
^urgeon who wtU treat it, is the method which should be used Clos ed methods are pjef erred If open methods 
are necessary, then those should be used w Inch close the w'ound after reduction, and other methods of internal 
fixation which leave no pins protruding 

There is no single method of treating fractures They must be thought of as individu al prob lems, accord- 
ing to the envir onment in w hich they wall be treated and the per sons w ho treat them 

Dr Walter G Stuck, San Antonio, Texas As far as Dr Winant’s paper is concerned, I think he 
should have listed it as a desciiption of “war” fractures He is talking about severe injuries which were in 
curred overseas in patients w ho w ere transferi ed from hospital to hospital His results w ere good w ith skeletal 
traction, but fair comparisons cannot be made betw^cen these cases and a similar series in civilian practice 

In the Piesbytenan Hospital, wath its supeiior staff and equipment, open reduction and internal fixation 
of fractures can be a successful common procedure, as Dr McLaughlin has demonstrated With the rest of us 
who are treating fractures m small private hospitals, it is essential that W'e continue oui conservatism 

Dr Edw'ard M Winant (closing) There is no doubt that where successful primary closuie of wounds 
has been carried out, moie definitive surgery can be undertaken, wdien necessaiy, in the treatment of these 
compound fractures Dr_CoD" ell’s use of the Thomas splint an d Pea ison extension app aratus appaientlj' 
allow ed freer knee motion than w e w ere permitting I believe that soft-tissue damage is important and should 
be evaluated, since it influences the end result Whereas it was not recorded m this series of cases, it w’as taken 
into consideration in carrjang out the treatment of these fiactuies 

One more precaution, w hich has been mentioned by Dr Cleveland, is that gieat care should be taken w 
' not depleting these compound, comminuted fiactures of their bone fiagments at the time of ddbridement and 
^dayed pnmaiy closuic_ 

Dr Harrison L McLaughlin (closing) Open icduetion with iiitciiial fixation was not advanced ni my 
papei as the method of choice It w as advanced as a method of choice in selected cases 

I w'ould like to answ er Di Coinvell Accoidiiig to stated statistics, I believe the incidence of open leduc 
tion on oui Semce is just about the same as on his If on oui Seivice in over tw'enty yeais we have opeiatei 
on only 200 fiactuies of the shafts of the tibia and femui, of which only about sixty-one w'eie done as a 
method of choice, it indicates thafa patient has a reasonable chance of enteimg the Piesbytenan Hospital »> 
New Yoik wutli a fiacture of the leg and escaping without an open reduction 
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\M) f \nh C (IIM ILUION, M D , sr PVUL, MINNESOTA 
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h,Ju, tc«vr;.n '''' 

^ nlo(^ of, n.vP r Kommoii defoimity and may be due to a 

It C M :r n n" ' ‘ ' miiequent and of unknown etiology 

most imnml ,nr’n ^‘'^ognition as a distinct clinical entity 

thKdT i / summaiize the cuiient concepts ol 

fiftwii cTscT ^ multiple congenital defoimities, and to lepoit 

Some confusion has ai iscn i cgai ding congenital coxa vaia, as evidenced by the follow- 
ing titles undci winch it has been dcsciibcd “so called congenital coxa vara"«« 
infantile coxa ^■ua” > ^ and “developmental coxa vaia” ” These authois are all’ 
rcfcning to a lesion best defined by Fan bank » as “a foim of coxa vaia occuiiing in chil- 
dren and assocuted with 1 idiogiaphic changes in the neck of the femiii which aie suffi- 
ciently chaiactciistic to distinguish it fiom all the othei types of this defoimity” It is this 

csion, chaiacteiized by a ^oltlcal fissuic m the femoial neck®^ wuth which this papei is 
concerned t' ^ 


REVIEW OF THE LITERATURE 

In the jeai 1881, disabilities of the hip w'ere still being consideied as tubeiculous oi 
non-tuberculous, and congenital dislocation wms one of the more popular non-tuberculous 
diagnoses Fiorani, in that yeai, found fifteen cases in w'hich previously a diagnosis of 
congenital dislocation had been made, and concluded that this laie foim of limping was 
in effect due to a bending of the femoial neck Little attention w'as atti acted by his article, 
but Alullei, m 1888, gave the first full anatomical desciiption of coxa vaia^^ how^ever’ 
the condition he desciibed w^as appaiently an epiphyseal sepaiation^^ Hofmeistei, in 
1894, IS geneiall}^ given ciedit foi coining the teim “coxa vaia”'n‘*2 Finally, m 1896 
Kredel gave the fiist detailed desciiption of congenital coxa vaia ^ " Zadek has given 

a careful review of the early ai tides desciibing this condition 

In 1899, Whitman made an impassioned plea for a more careful classification of coxa 
vaia on the basis of etiology As though in answ^ei to this papei, Hoffa, m 1905, published 
nis now famous monogiaph in wdiich he reported twm cases, undoubtedly congenital 
coxa vara, and included the fiist report of the microscopic pathological findings of the 
lesion in the femoral neck 

The period from 1905 to 1913 is chaiacteiized by a seiies of isolated case reports and 
fv 0 outstanding papeis Dehtala reported one case and included a detailed account of the 
inicioscopic pathological findings This was the second such repoit Fairbanks states 
that Elmslie, in reporting on two gross specimens, was the fiist to lecommend designating 
congenital coxa vaia as “infantile coxa vaia” Although this term has much to lecom- 
ii^end it, it uiifoitunately has not been iimveisally adopted 


* Abridgment of thesis submitted by Dr Babb to the faculty of the Graduate School of the Umver«it\ of 
g^'^^csota, m partial fulfillment of the requirements for the degree of Master of Science m Orthopedic 
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From 1913 to 1924, very little was written on this subject Then, m 1924, Nilsonne 
reviewed the hteiature and repoited five cases, he was the fiist to suggest an embryonic 
vascular disoider as the etiological factoi in congenital co\a vara 

In 1926, Noble and Hausei, in a veiy comprehensive papei on coxa vara m general, 
gave an excellent description of congenital coxa vaia They attempted to solve the con- 
fusion on the subject bj^ mcludmg all varieties of coxa vara piesent at biith undei the 
term “congenital”, and then dividing them into four types on the basis of additional 
aplasia of the femur and the piesence or absence of othei congenital defoimities 

Faiibank, m 1927, had the misfoitune to have a patient die on the operating table, 
of a massive pulmonaiy thrombosis Subsequent examination of the hip disclosed that 
whereas the femoral neck was not visible on the roentgenogiam, it v as, m fact, intact but 
cartilaginous In the following yeai, Faiibank contiibuted to the Robeit Jones Birthday 
Volume a comprehensive article on infantile coxa vara, including a discussion of the loent- 
genographic recognition of the deformity 

In the yeais from 1927 through 1946, appioximately seventy refeiences to congenital 
coxa vara have appeared in the literature Twenty of these are in English Among the 
lattei might be mentioned Bari’s papei m 1929, in which he lepoited five cases, an ex- 
cellent and comprehensive aiticle by Zadek, m 1935, Olleienshaw’s piesidential address 
to the Royal Society of Medicine, m 1938, a papei bj’' Duncan, in 1938, m which he differ- 
entiated between congenital and dei elopmental coxa vaia and lepoited thiity-one cases, 
and Golding’s papei, m 1939, in vhicli he pomted out that the nine desciiptions of micro- 
scopic pathological findings m the hteiatuie up to that date revealed nothing character- 
istic about this lesion Of the foieign hteratuie, Camitz m 1934, Pouzet and Taveimei 
and Pouzet, in 1934, have contiibuted substantially, lefeience to them vill be made latei, 
under the discussions of etiologj'- and treatment Among the other articles wiitten duiing 
this period weie interesting case lepoits ^ and papei s on coxa vaia in gen- 

eiai 36 38 -Veiy little has been written on this subject since 1939, which is analogous to 
the situation that occuiied duimg and immediately after World Wai I 

ETIOLOGY 

There is still no universal agreement as to the cause of congenital coxa vaia Kiedel 
and Hoffa expressed a belief that intia-uteiine pressure was responsible Pouzet®® and 
Duncan “ held that the condition is the result of a developmental eiioi Such theories 
can neither be proved nor criticized®® It suffices to say that no heieditai}'- factor has 
been demonstrated 

Then there are theories that have not ivithstood investigation Rickets, which has 
never been shown to be coexistent mth congenital coxa vaia, can hardly be responsible 
Trauma can be excluded, accoidmg to Hoffa, because of the unusual number of cases of 
bilateral lesions Bohm suggested an atavistic theoiy’-, but Heiz denied this because an 
examination showed that the angle of mchnation of simians was not much less than that 
of man 

Walmsley, in a careful investigation of the upper femoral epiphysis, proposed the 
tlieoiy of a separately ossified diaphyseal spur Theie is no doubt but that such a theoiy 
would account for the characteristic triangular fragment, to be described later, but hoiv 
this theoiy would explain the moie severe cases, in wdiich the femoral neck is almost com- 
pletely caitilagmoiis, is hard to understand 

Nilsonne, in 1924, presented w^hat is perhaps the most attractive etiological theory,— 
that of an embiyonic vascular disturbance Camitz, in 1934, aftei examining microscopic 
sections, concluded that it wms impossible histologically to distinguish between osteo- 
chondritis juvenihs (coxa plana) and so-called congenital coxa vaia Nilsonne’s theoiy 
and Camitz’ observations would seem to comcide in the postulation of a plausible explana^ 
tion of the phenomena observed in this lesion Since the femoial neck is not complete j 
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o^isificd iinlil the child is 'it, least, foiii ycaib of ige even a postnatal vasculai distuibance 
would explain the siihseqiicnt findings Pieigiossi, m 1939 , m suppoit of this hypothesis, 
dcmonstiated lleitolotti’s inetaphysitis as an cvolutionaiy stage in congenital coxa vara 
llnncaii sniipoited this theoi^ , and main of those wdio advocated the teim “infantile” 
01 “de\olopnient d” instead of “congenital” ' ^ i!) « appealed to be in favoi of it 

This inodein tendein > to e\pl iin congenital coxa vaia as an aseptic neciosis makes 
it ill the mole c^'^'entiil that the condition be sepaiated fiom othei obvious congenital 
dcfoinntics An attempt will also be made to dcmonstiate pathologically that the coxa 
laia occmiing as one of mnltiplc congenital dcfoimitics is not the same as this infantile 
lesion, the cause of which may even be postnatal 

PATHOLOGICAL CHANGES 

Noble 111(1 11 uisci st itc 
tint, it biith, the n]ipoi end 
of the fcinni is i in iss of caiti- 
lage Thcie is a single, tians- 
xeise, ascending edge of o'^‘<iti- 
cation which, dm mg (he 
fourth xcai, i caches the uppei 
bordei of the neck The neck, 
being comjilcteb o'ssificd at 
the fouith ycai, sepaiatcs the 
capital epiphjsis appealing at 
twehe months fiom that foi 
the gicatei tiochantci, which 
begins to ossify onlj in the 
fouith 3’'cai Anj' distuibance 
of ossification of the neck, 
tlieiefoie, must occur in the 
fiist foui yeais of life 

The eaihcst stages of con- 
genital coxa vaia aie seldom 
seen Olleienshaw was shown 
b}'^ Heizog loentgenogiams illustiating “small aieas of laiefaction in the femoial neck 
which appaientl}’’ coalesced to pioduce the typical fissuie, seldom evident before twm 
years of age By the fifth or sixth 5mai of life, the femoral head has definitely slipped 
dowm, and the veitical fissuie lateial to the epiphysis sepaiates it fiom the remainder of 
the neck ^^diat appeals to be the head is in leality the anatomical head, the epiphyseal 
cartilage, and a tiiangulai fiagment of the neck, as wall be demonstrated roentgenographi- 
cally 

Tins descent of the head, then, due to a defect in the femoial neck, constitutes the 
gross pathological change, except for the moie than occasional coexistence of a short femur 
Shortenmg of the femur occuis at the uppei end and appears to be a manifestation of an 
aplasia that is the lesult of some common undeitying disturbance in ossification, as dis- 
cussed in a preceding pait of this paper Such chaiactenstics as a veiticalty displaced 
epiphyseal line and anteveision of the neck aie roentgenographic features not so evident 

in gloss pathological specimens r ^ c . e , 

Desciiptions of the micioscopic pathological appearance of the defect in tbe femoral 
neck have been given by Hoffa, Elmslie, Delitala, Nilsonne, Camitz, Barr, Zadek, and 
Duncan “ Theie is nothing characteiistic in the microscopic appeaiance of tissue re- 
moved fiom the femoial neck Ban reported finding the inclusion of embiyomc carti- 
lage m noimal bone, and the occuirence of non-calcified osteoid tissue has been leported 
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Fig 1-B 

Section through epiphysis (X 35) 


Fig 1-C 

Section through mid-cervical legion (X 6) 


by Noble and Haiisei Othenvise, little can appaiently be said about the microscopic 
pathology Theiefoie, in an attempt to aiiive at a fundamental pathological criteiion for 
congenital coxa vara as heiein defined, AVe can saj’- that it is a lesion of the uppei end of 
the femui AAuth an incompletely ossified segment m the neck, it is composed of caitilage 
and osteoid tissue, and it sometimes includes gioss aplasia of the uppei femoial diaphj'-sis 
The coexistence of multiple congenital defoimities of othei bones and coxa A’^aia con- 
stitutes the differential pioblem In an attempt to deteimine udiethei oi not coxa vaia 
in this lelationship satisfies the pathological ciiteiion laid doAvn pieAuousb'', such a case 
AA as inA'^estigated 


A white girl, aged eight years, was first seen at the Mayo Clinic in Septembei 1928 Examination re 
vealed multiple congenital deformities, including club-feet, flexion deformities of both knees and both hips, 
and bilateral coxa vaia Spina bifida occulta was also present During a manipulation under anaesthesia m 
January 1929, the child suddenly experienced severe respiratory distress and died shortlj’^ afterward At 
necropsy, death w as found to have been due to fat embolism 

The resected specimens included one hip joint, consisting of pait of the innominate bone and the head, 
neck, and upper part of the femoral shaft This specimen had been sectioned in the coronal and horizontal 
planes through the middle of the head and neck Accurate leconstiuction was impossible, but moderate 
coxa vara appeared to be present, w ith a coxofemoial angle of about 110 degrees No gross defect or triangu 
lar fragment w'as noted in the neck of the femur (Fig 1-A) 

Two blocks were cut, one to include epiphj'scal caitilage and the othei from the mid-cervical region, 
including the inferior cortex and extending almost across the width of the available neck Both blocks were 
decalcified before they were sectioned, stained wnth hematoxylin and eosm, and mounted Examination r^ 
vealed a normal epiphysis mth normal compact and cancellous bone in the cervical region (Figs 1-B and 1- 


It must be concluded, theiefoie, that since the condition did not satisfy the patho- 
logical ciiteiion outlined pieinously, the case AA^as not one of congenital coxa A^ara as 
heiein defined Such an obsenration, if made on othei such specimens Aihenevei the}^ 
available, may help to pi o ve that thei e ai e Iaa o types of ‘ ‘ congenital coxa vai a ’ Tn inf ants,-" 

THE JOURNAL OF BONE AND JOINT SUBGEBA 



CONfil’NITAt, f'0\A VAUA HQ 

fiisl, a (mo ooMKointil losum accompaniod by iniilliplo othci defoimities, and, second, 
\ distuih >1100 111 ossii)(« itxm confiiiod In (ho iippoi poi(ion of one oi both femoia 

( lilNK \n H\DIN(.S 

Coiifroiid >1 (()\.1 \ai.i is Us» illy discovoicd when (lie child staitb to walk If no dc- 
folnll(^ , siioli is i slioi ( loK, had lioeii iiioviously noted, the paients then become alaimed 
i( (he ippoai iiico of a piiiiloss hiiiii Otc isioiially the limp is ignoied and medical aid is 
no( ioqiios(od tiidil idoloseciioo By (his (imo (ho ])iescntmg complaint is a painful limp 
with iiiidiio f i(iguo 

Plnsual o\ imiiialion (ypnally lovoals an othenvise noimal child The limp is easily 
(lonions(ia(od when (ho child walks, and losombles that of congenital dislocation of the 
Inp In f u (, in c isos of bihiloial congcmhal coxa vaia, the waddling gait and the maiked 
loulosis aio idonlioil wi(h (hoso of congc'iiit il dislocation 

I'A imin 1(1011 of (ho hip ie\oils moisinod shoitenmg, which is consideiable m those 
pitionis n jth jssoc i Ued s)k« (noss of (ho fomcn 7 ''heie is no spasm or tenderness, although 
al)ciuo(ion, in(oinal lotition, and sometimes extension aie mechanically limited The 
gioitci (lochaiitoi IS olevitcd and piommonf, and the Tiendelenburg test is positive on 
the iin oh od side « 'piK, iniming physician, suspecting a congenital dislocation, is then 
suiprisod to find (hat tlicic is no (oloscopmg of the temui and that the femoial head is 
slill palpiblo bonoadi (ho pulsations of the fomoial aiteiy 

Vs mcMitionc'd jnew lously, no othei congenital defoimities aie piesent m a typical case 

HOLM GLN OGRAPniC EXAMINATION 

Roentgcnogiajiliio eximmation offois the most leadily available means of studying 
this defoimitj Unless one is familial with the condition, the coiiect diagnosis is usually 
not made The femoial neck is at once obseived to be bent, so that the head is depressed 
and the distal pait of the limb is theicby adducted The epiphyseal line for the head is 
more vertical than it is noimally, and it appeals to be blanched like an mveited 
Brailsford states that this abnoimal bianch luns fiom the superior medial to the inferioi 
lateial extremity of the neck, and isolates a triangulai fiagment m the inferior medial 
quadrant It is not, howevei, a blanching of the epiphyseal line, but a “disoiganised 
segment”, sometimes icfeiied to as the veitical fissure, in which an abnoimal ossification 
process has lesulted in a defect not unlike that seen in aseptic neciosis^® 01 localized 
osteochondiitis ® 

The gieatei tiochantei is elevated and may have a pecuhai beaked appearance The 
femoral head is compai ativel}'^ laige, somewhat translucent, and lies in the bottom of the 
acetabulum The acetabulum may be defoimed in outline, and shallow^ and defective m- 
feiiorly, shadow's lesembling those seen in osteochondiitis have been noted 

At first glance, such a loentgenogram suggests a fractuie of the femoial neck, but 
Zadek has stated that such fiactuies aie extiemely raie m childien When closei sciutiny 
discloses a shoit, imperfectly foimed neck, w'lth a zone of laiefaction w'hich contains 
osseous nuclei and cuts off a tiiangulai fiagment*® ■**, one should have the necessary cii- 
teria for a coriect diagnosis W^hen, as occasionally happens, the femui is shoit, owang 
apparently to an extensive failuie of ossification at the upper end, the diagnosis is obvious 
It is felt that any such lesion wuth loentgenogiaphic features so characteristic needs a 
moie specific designation 

The untreated lesion that is seen duiing adolescence or later is much moie deserving 
of the diagnosis, **unumted fractuie^’ In effect, this is usualR' the state of affairs Ydiat 
was origmally a femoral defect has now become a complete dissolution of continuity 
The trochanter may be riding much higher than at fiist, the deficient neck may have been 
comp]ete]y ahsoihed, and true telescoping of the femur may now be piesent The femoral 
head, strangely enough, is usually piesent and viable Not onR' does this late lesion re- 


VOI 31 A NO 1 JANUARY 1949 



TABLE I 

Data in Fifteen Cases op Congenit\l Cox\ Vara 


120 


F R BABB, R K GHORMIiRY, AND C C CHATTERTON 


a 

3 


o 


w 

s 

a 


o ^ 

s 

o 


O - 
00 £ 
1— < P 




O) 

CO o 
OJ o 


y 
W 

o C 

^ fcD O 
O o o 

S O ^ 

p, P 

e ° 

o 
o 


C 3 

c ^ 

o t: 


p- 

'S 

o 


o 
p 

M 3 
2 ^ 
c . 

O W 

■e g 

O > 

^ to 

CQ p c3 


- ^ 

g c3 

P 

w (» 
bD o 
p P 

S)J 

o o « 
00 ^ 
o 
00 

fcc £ 

- (1) 


o a> 

^ o 
ft s 
2 ^ 
§ S- 
" ^ 
c ^ 
2 

bJD 


i c 

o £ 

>> g 

c3 ^ 


c 3 


c 3 

O 

P 


P 

P 


P O 

^ o 

^ d 
o __ 
£• ✓ Cl. 

§ « £ 
^ ^ O 

^ P 

o w 

^ c 
^^2 2 
fcX) 

P p 
c3 <C 

P. o 5 ?; 

00 w 
0^0 


d w 

2 S 
S & 
-S -S 

w g 

c - 

p ^ 

c* c 

S 2 

✓- 

o P 
cc 

e P 

5 P 
§. tc 

^ ei 


x 


VI I— I 
P c3 

^ P. 
bC 

^ 'S 

^ ^ p 

•V ^ 

o 

^ 15 

•— P CO 


O 

X 


^ >i 

s ^ 

O 'CJ 
O o 

£ 2 
c* d 
> 

y "S 

o c 

p d 


d 

o 


p 

3 

C7" 

tp 

XI 

a 

3 

'o 

P:^ 

to 

c 

1 & 

t: ^ 

2 w) 

'to ^ 

CO ^ 

w d 
o d 
z; h£> 
to p 

o « 

^ i 

5 p, 
"1 S 

c o 

S 

p. o 

o X 


c* 

a 

d 

o 

CO 

P 

3 

cr 


p, 

p 

o 

X 

c 

o 


p 


o 

X 


d 

2 b 

g g-a 

^ p 
p:q CO :: 

— p d 

15 p 

I 

io “ 

Is w 


d -3 
O P 

p 
p 


to g 

is s 

d ^ t> 
C) d 

d 


o s' 5 

-d p > 
CO 

- to d 

£ ^ 

P ^ o 
.d p 

> o ^ 

CP p 

a g !_ 

►5 tn o 

X ^ 

wT p 
£ § 2 
p. ^ 

t- p p 

o - tc 

X 


b* d 
O > 
p C< 

c3 d 

d to 

d p 
> d 

a M 

t- 

O 3 

P ^ 

^ d 
p p 
■^^ 

P P 

£ 2 ^ 
o ft 
t> t-i 3 

2 d " 

2 g 

*-< -u‘ 
d -je c 
W 2 a> 

'S 2 s 
° °W 

|| s- 

^ -2 "2 

X 3 O 
o o ^ 
X o ^ 

d -3 'o 

d o 

ago 

o -N - 

X 


id c3 


3 

O 

O 

O 


o ^ 








^ -S <c 

e o d ^5 

3 -‘-9 — ? 

CO 

:2' 






H s s.ii; 

f— 


CO 

CO 


o 

O '-' 









d 

S 


p 

3 

w 

p 

p 

o 


j) g 

•<* K 
^ k-H 


a 


8 « 
■*^ ^ 
O g 

p 

^ £ 


00 




•4^ 






p 

P 

>4^ 

P 

d 

P 

•*^ 


P 

P 

o 

£ 

P 

d 

o 

6 

p 

P 

•4^ 

P 

4^ 

p 

O 

(5 

p 


c 


d 

to 

-3 

co" -d 

3 

to 

*3 


d $ 

d 

P 

2 ? 

-3 

CO 

P 

s 

■5 ® 


> 

£ X 

P 

X 

C 

O 

S 

2 23 

O o 

^ P 

o 

High 

S "2 

o c 

“3 

O 

S 

p 

P 

X 

to 

w 

5 ; 

o C3 

•*•3 4-3 

_f**' CO 

3 ° 

CO 

4i^ 

X 

3 









CO 


o 


o 


(N 

o 





1--( 





s ^ 
^ s 

o 


X 

p 

o b 

^ p 

^ -4^ 


X 

3 

cc 


CO 


d 

o 


d 

3 


3 

O 

O 


S p 


p 

■§ 

P 


d O 

5 t? 

CO C 

to ^ 

p - 
^ 3 

-w £ 
p 

2 

m 


i| 

O d 
o 

Cl- £ 
£ CO 


d 

O to 

t- 

_ d 
a p 
d 


3 CO 

is 


d 

d 

C-( 


p 

to 

d 


p 

d 

CL, 


£* "a 
d CO 
X 

X 

p 

cr d 

CO 

(Xi 


B, ^ 
to — 

d 

o ^ 

P c» 


CO •+J 

O d 

to ^ 

d CO 


p 

-e o 
S ^ 

— cr 
CO 

p P 
p j 

d p 
CO £ 

O 

^ u 
3 

^ d 
o S 


3 

O cr 

a p 

£ 

X <N 


3 " to 
3 d 


P 


o 

CO CO 
CO c 

.2 d 

S ^ 

Ph 


>i CO 
d CO 
05 


3 -d 
d 05 
3 I— ' 


^ O CO 

d CO d 

'rH 05 VH 05 

^ i-H ^ ^ 


(N 


^ CO 
d Tt’ 
^ 05 


O' 

CO 

C5 


2 a 

2 i 

w 2 

p ^ 

3 d 

I'B 

-2 ig 

>, ° 

'ft >, 

S 

‘I l. 

o y 
c 

c! 2 

2 ^ 

2 c- 

2 ® 

^ B 

P t.-. 

c 3 

rr. '-^ 

g CO 

p 3 « 

8 S 2 
2 >>§ 
©Mu 


ft 

K 


O _ , 

W 

c* e o 

Q o3 02 


« 


f2 1-3 


<N 


P3 


t2 


CO Ph 


lO 


CD fii 


THE JOURNAL OF BONE AND JOINT SORGFB' 



( ON(il<Nl I'Ah ( (}\A VAIJA 


121 



31 A, NO 1 JANUARA 1049 



130 


F S BABB, R K GHORMLEY, AND C C CHATTERTON 


who limps when walking is fiist attempted The findings on physical exammation suggest 
a congenital dislocation of the hip, with shortenmg, high position of the trochanter, and 
a positive Trendelenburg test However, there is no telescopmg and the femoral head n 
still palpable beneath the femoial vessels at the grom The roentgenogram vail confirm 
the diagnosis if the lesion is not mistaken foi an unumted fracture of the femoral head, 
a lare condition m childien 

The aim of treatment is to promote ossification in the neck of the femur and to cor 
rect any defoiimty already present Subtrochanteric osteotomy -with wide abduction of 
the distal part of the hmb will correct the coxa vara, and conversion of the sheenng strain 
across the defect into a compression force along the axis of the neck promotes complete 
ossification in a high proportion of cases 

Adolescent and adult patients with untreated lesions exhibit what amounts to non 
union of the femoral neck Of the reconstructions available for such lesions, the Brackett 
operation is particularly suitable because of the high percentage of viable heads found at 
operation 

The series of fifteen cases reported here is fairly representative and purposely in 
eludes four examples of unusual coxa vara (Cases 8, 10, 14, and 15), from which it would 
seem advisable to differentiate the specific lesion defined m this paper 

It can be said, then, that congenital coxa vara as herem defined is not a proved con 
genital deformity The frequent association of this lesion with a short femur is probabh 
due to a common etiological factor, possibly avascular necrosis Coxa vara associated 
wuth multiple congenital deformities is not the same lesion as that with which this paper 
IS concerned Subtrochanteric osteotomy at about six to eight years of age, with wide 
abduction of the distal part of the limb, is the treatment of choice 
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TUMORAL CALCINOSIS 


BY J B M THOMSON, M D , AND PRANK H TANNER, M D , LINCOLN, NEBRASKA 
From the Departments of Orthopaedic Surgery and Pathology of the Lincoln Hospitals 

In 1934, when the fiist patient Mith tumoial calcinosis iias examined by the authors, 
the unusual cluneal and pathological piocess was recognized as worthy of follow-up studj"^, 
and the accumulation of illustrative and clinical data vas begun From that time until 
the present, the authors have had under then care and observation three members of the 
same family of nme children, vith tumoral calcmosis in various parts of their bodies 
Pathological deductions have sometimes proved confusmg and, smee new tumors vere 
developmg from time to time in these children, the report has been delayed until the two 
hvmg patients were adults One has had no leciuience for twelve j'^eais, the other none for 
thiee 3 ’^ears 

The term “tumoral calcmosis” has been used because of the similaiit 3 ^ to the cases 
with this diagnosis reported by Alberto Inclan in June 1942 His conception of the 
patholog}’^ and the classification of the pi ocess comcides exactlj'’ w ith the findings m our 
cases However, the familial features, metastatic characteristics, and autopsy findings in 
one of oui cases add mteiestmg data regarding this rather obscure and unusual patho- 
logical condition 

A remew of the recent literature on the subject of calcmosis show^s that there are 
two weU-defined types which have been generally accepted These w^ere defined and 
described bj'- Steinitz in 1931 as calcmosis cucumsciipta and calcmosis universalis 
Pedersen, in 1943, gave a comprehensive bibliography of fifty-one articles on this subject, 
and reported that 137 cases of calcmosis cucumsciipta and 78 cases of calcmosis universalis 
had been collected from the literature 

The clmical, phj'-sical, and pathological findings of these conditions m no way fit the 
picture presented bj'' Inclan Ghormle}'’, m his discussion of Inclan’s paper, cites a family 
of three, one boj’' and twm guls, who had lesions similar to those desenbed by Inclan 
Theiefoie, it wmuld seem appropriate to add tumoral calcmosis as a thud type With the 
presentation of the authors’ three cases of tumoral calcmosis, added to those of Inclan and 
Ghoimlej'^, a total of nme cases of tumoral calcmosis are contributed to the literature 

To differentiate these three types, each will be described biieflj’’ 

1 Calcinosis circumscripta usuallj'^ occurs m middle-aged wmmen at the period of the 
menopause It is confined mainly to the upper limbs, small calcium deposits appear m 
the subcutaneous tissue of the fingers, fiequentlj'^ associated with Rajmaud’s disease, 
angiospastic syndiome, and scleroderma The deposits or nodules are tender and the 
skin is atrophic 

2 Calcinosis universalis occurs m children and m older men The deposits are wnde- 
spiead They’- may’- be m the skin or in the subcutaneous, muscle, and fascial tissues, a 
w’hole muscle or a group of muscles may be mvolved In children the prognosis is serious 
Calcium may’- be deposited m the muscle interstices and connective tissue, or around 
nerves, fasciae, and sinew’s The condition is chronic and progressive, causing local mcon- 
venience The patient may’ become more or less stiff and helpless Some men having this 
condition show evidence of hypogonadism and high uiic-acid retention 

3 Tumoral calcinosis occurs m young individuals of both sexes There is probably a 
familial tendency The tumors are large, rapidly giowung to a definite, self-limited size, 
they usually occur in or near bursal sites, near large joints, and in connective tissue, 
immediately overlying bone and muscle attachments The tumors are hard and lobulate , 
have fairly W’ell-defined limitations in contoui, are attached firmly to the undeilynng deep 
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stiuctuu"', .uul sh()\\ soino infill lation into the muscles Theic is usually no pain, 
{on(l('inc''S, oi hnutafiou of joint motion Tlieie is a definite multilocular, cystic ariange- 
meiit of the tumoi, winch his thuk, inhheiv walls, showing inflammatory foreign-body 
giant-cell leaetion Deep cvstie aieis me filled with calcaieous mateiial and some milky 
fluid Suigual leimnal leheves the condition Diaiiiagc and secondaiy infection, which 
oceuiied in one i ise, niipiieiitly iggiavate metastatic calcification, and geneialized 
innloidosis nvij dc\clop ultimitely 


C VsL ULPOHl’S 


C\''i 1 D I) (\o 3 II "iS) was first ( \ imiiud on Apiil 27, 1934 He w as a w ell-devcioped negro student, 
fiftdii irs of \g( , who (oinpliiiud of tuinoi-likc cnl irgcments on the posterior lateral aspects of both 
illiow joints 1 lu'si tumors h id first bii n noticed about two ycais befoie and had been gradually increasing 
in si7( 'lhi\ wire not |i iinful, but were i not ici ible defoinuty and he desired to have them removed 

Tile p lilt Id’s jiriMous hnltli Iind alw ijs Ixni good He was one of nine children, and two brothers 
were siniil irh afllictod 

Plnsical ( \aniin ition disclosed equal-sized cirtunibcribcd tumois, about three and one-half inches 
(ihnost 0 coiitiineti rs) in di iinetei ind two inches (5 centimeters) thick, located laterally and posteiiorljq 
slightb al)o\ctlu elbow joint On p ilpation.eich appeared to be a semifluctuatingmass, which was lobulated, 
slightb mo\ ible, and ipinrintb attached to the dtip soft-tissue structures Manipulation did not cause 
pain, and there w is no inti rferenci w ith c Ibow move ini nt Ot hei wnse, the plij'sical examination w'as negative 
T he hemoglobin w is GO per ciuit , 
the whitc-blood-cill count 0,000 1 lie 
umic was esscntiilK norm il At- 
tempted aspirition of the tumoi pro- 
duced nothing but blood 

On Maj 10, with a blood-])ressure 
tourniquet applied to the ujiper arm, 
a posterolateral, cur\ed longitudinal 
incision, sc\en inches (17 5 centi- 
meters) long, was made o\er the right 
elbow region to the deep fa«cia 13j 
blunt dissection, the integument was 
reflected from the encapsulated multi- 




Fig 1-A 


Fig 1-B 


Fig 1-A D D Tumor of left hip There is no evidence of recurrence of tumors that w ere remox ed 

from elbows five years before ctained wath hcmatoxylin-eosm Tumor shows calcific deposits 

Fig 1-B Photomicrograph (X 15Uj staineei rnreiem-bodv mant cells 
m fibrous stroma with a few inflammatory cells and foreign boUj giant 
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locular mass, which appeared to have its base on the lateral condyle of the humerus and to extend around 
postenoily to the region of the olecranon The mass was cut through, longitudinal to the base The scalpel 
encountered a rubbery resistance and giating effect as it traversed the multilocular cystic wall The cut 
surface showed a thick-walled, granulating membrane, which was pinkish-yellow with some markedly 
broumish-yellow areas These cy^stic areas were filled wuth caseous or calcareous-appeanng degenerating 
material, having a pasty consistency The base was adherent to the ligamentous structures of the posterior 
and lateral portions of the upper margin of the joint The capsules stripped easily from the surrounding 
tissues The mass did not seem to invade the muscles or tendon structures, but rather pushed them aside in 
its development The v ound was closed after removal of the excess skin, and a pressure dressing was applied 
The left elboM m as similarly approached and a similar mass v as removed zn toto 
Ice bags were apphed to both elboi^ s for the first forty-eight hours, and the patient had little discomfort 
The V ounds were diessed on the third day, and 30 cubic centimeters of blood was aspirated from the incision 
at the nght elbow On the fourth day the patient’s temperature was normal and he was allowed to go home 
On the mnth day the sutures were removed, and he left for a Civilian Conservation Corps camp in a distant 
location 

The specimen submitted foi pathological exaimnation measured about 5 5 centimeters in size, was shghtly 
iiiegular in outline, and had a pecuhar gioss appearance The stroma was whitish-pmk, very firm, with small 
cavities contaimng a seimmucoid granular and calcific material The tumor was tough and, when cut, seemed 
gntty and offered inci eased resistance Microscopically'' (when le'viewedin July 1945 w'lth all material reported 
later) there was a fibrous stroma in which amorphous and calcific debris was deposited This debris was 
coarsely granular and the larger, definitely calcific masses seemed to be made up of clumps of this material 
Around the calcific deposits w ere many multinucleated giant ctUs and inflammatory cells Some of the cj'stic 
spaces w'luch contained the calcific debus had synovial-like linings The foreign-body reaction and inflam 
matoij' changes appealed to be a lesponse to the calcific deposits The diagnosis was calcinosis, involving 
penal ticular soft tissues of the elbow (The original report, given in 1934 by M J B , w as probable ruptured 
sebaceous cj'st wnth secondary inflammatory reaction ) 

This patient was not seen again for neaily five years On January 17, 1939, he came in with a large 
tumor ovei the greater trochanter of the left femur (Fig 1-A) There had been no recurrence of the process 
in the elbow joints, as is evidenced by the photograph taken at the time He had no pain in the hip, but 
objected to the disfigurement On Januaiy 18, he w'as operated upon through a lateral longitudmal incision 
over the tumor mass This mass was the size of a man’s hand, it lay under the tensor fascia muscles and 
extended into the muscle substance of the glutaeus maximus It wms firmly adherent to the structures over 
the greater tiochantei The tumor resembled those of the elbows The patient w'as in the Hospital for five 
days, m one week the stitches weie removed, and about 50 cubic centimeters of bloody fluid was aspirated 
from the region Heahug continued and he returned to his position 

This specimen measured 15 by 8 by 5 centimeteis It was grossly nodular, fibrous, and cystic, with 
pecuhar pasty, foreign, calcific deposits The microscopic findings on renew' of the shde were similar to those 
described previously, and w'ere typical of calcinosis (Fig 1-B) (The original diagnosis on the basis of this 
material had been embryonic tumor, type unknow n M J B ) 


Case 2 H D (No 326230), brothei of D D , was first seen on June 16, 1936 He w'as a shght negro 
male, aged twenty-five yeais, who, because of his general condition, had never been able to do manual labor 
or w'ork He had been w'ell and healthy until 1923, w'hcn a giowth started on his right lup, wluch had gradu 
ally increased in size for about a year 

The patient stated that m 1924 an abscess of the right hip had been drained, and that theie had been 
dramage off and on since then, w'lthout pain or hmitation of motion Theie was evidence of several inci- 
sions in the region of the hip over a large mass, which extended forw'ard and backward, above the greater 
trochanter 

In 1932, a mass was noted in the light elbow' It had grown steadily, reaching its maximum size m 
about a year It had not caused pain or hmitation of motion About six montlis later a similar tumoi had be- 
gun to develop in the light axillary hne, opposite the inferior angle of the scapula It had grow'n steadilj 
and had extended anteriorly and postenoily from its original site, until it coveied almost the entire scapula 
A sumlar mass had staited on the left shouldei, at the supenoi aspect of the joint, it had become qude 
large and protiudmg Otheis occuned on the plantai suiface of the foot, on the palmar suiface of the wrist, 
and on the light lowei iibs, at the anteiioi axillaiy line All of these had giown for about a j ear and there- 
after had not increased in size None of them had been accompanied by pain, hmitation of motion, or 

discharge , i* 

The patient w'eighed 105 pounds and appealed maikedly undeinomished His pulse was eignty- g < 
blood pressure 118 systolic and 60 diastohc, respirations tw'enty-tw'o per minute On physical examina loit 
dental canes w'eie the only abnormal finding, except for the numerous tumors already described (Figs 
and 2-B) A tumor approximately 7 5 centimeters in diameter w as present on the superior border o 
shoulder joint It w'as quite haid and immobile, and the skin w'as tight and stretched over it T e , 

not seem to be directly connected ivith bone There w'as no Imutation of motion, and no pain or isco 
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Fia 2-A 

Fig 2-A R D Multiple tumors in left deltoid 
region, left axillfi, right lower chest, right elbow, 
and nght hip (original site) 

Fig 2-B Back view show s deltoid tumor on left, 
large scapular tumor and elbow tumor on right 
Fig 2-C Roentgenogram of left shoulder, show- 
ing ex'tcnsive tumor mass in the deltoid region 


The mass in the right elbow w as similar in consistency 



Fig 2-C 


to that of the shoulder, although somewhat smaller ^ . 

A similar mass, not very large, was seen on the lateral surface of the left hip, opposite e r roe an er 
The nght hip had an open, discharging lesion from a very swollen and enlarge area owr e grea er ro 
chanter A small, circumscnbed mass appeared on the palmar surface of the left vnist There were several 
scars on the thenar eminence of the hand, where the patient stated a similar mass Imd been present, which 
had broken and discharged On the left foot was a mass, 2 5 centimeters in size, on the proamal phalanx of 
the fourth toe, displacmg tho fifth toe There were masses of moderate size m both axillae, and a inass, 
approximately 4 3 by 8 centimeters in size, on the lower nght side, in the region of the lower nbs, extendmg 


toward the axilla ^ n,, -nr t 

At the time of admission to the Hospital, the patient’s temperature was 100 The Wassermann reaction 


was negative 000 

Red blood celk 42 per cent 

Hemoglobin 

White blood cells . 

Pol 3 anorphonuclcar neutrophils ^ P 

Bands 2 i 

Lymphocytes 2 

On June 23 loS^Tutertp^tenor stereoroentgenograms of the chest showed that the costophremc 
angles, the domeL of the diaphragm, and both'lung ’fields were'clear 

tive In the soft tissues around the "^™dTo W of the humerus showed extensive, 

po Jenor roentgenograms of the left shoulder f There was no evidence of bone 
weU-demarcated accumulations of ^ n^atenal andLculated cavities 

VO vement The general appearance w nrevious expenence with the patient’s brother, one of the 

Because of the large number of tumors and pminous examination The specimen re- 

au ora excised the tumor of the ng e o jj^rgest of which measured about 4 5 by 4 by 3 centimeters 

moved coasted of three rubbery tumor “asses, the g 

^be "dl with tuafpreviously desenbed and to be t.pical of calcinosis 
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Fig 2-D Fig 2-E 

Photomicrogiapli (X 85) stained with, licmatoxylin-eosm Shows part Photomicrogi aph (X 150) stained with hematoxylm-eosin Shows 

of large cystic arc v, containing various-sizcd calcium deposits foreign-body reaction and calcific deposits in tumor 
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('Iho oupunl .InpnoMs fio.n Ihn nnloual by I M K of multiple pcnarticular giant-cell tumors) 
\fl('r (Oii'-iill ilioii, i( M IS igKcd dial (Ins ])i(kii( siioiiKl have a peiiod of roentgenotherapy over the 
iii\ oh eel ai e is 1 his w is gn i ii, iml ( n o \m cks h(, i hi n is allow eel to go home A total of 1,000 roentgens 
w IS giMii (o (III 1. f( slionhld in inopiiatioii for siiigu il lemovil of (he tumoi, but no evidence was found 
of icdui’tioii III ''171 of (In miss 

'Iho piluiK w IS no( v(,n igiin until Jiilj 21, 1010, when he w is admitted to the Lincoln General 
llosjiit il 111 II illni do'')n I iti loiiditioii How is(\tioiii(h < maoiattd, and had boon in bed foi several months 
because of wi ikiK ss K( loidh (hoio Ii id Ixi n iciiti piiii in the left hip wnth increased swelling and fluctua- 
tion During the list fiw dus the ]mii h ul become uiibc ii ible, and could not be coiiti oiled by sedatives 
1 he least moiomciit piodiiicd itciiilu p iiovjsm of piiii Since pi evious drainage had given relief, he desired 
iininodi itc' di iin igc- 

Plnsicil o\ nniii ition w is is follow- Pulse 101 and iiicgulai, tcmpeiatme 101, and respirations 20 per 
niinuto 1 lieu w is m iiKed cmii u i itioii 1 he thio it w is injected, the tongue was coated, severe dental caiies 
w IS noted, the gums wi u ]n]( 'Plic In ii( w is i nl iiged in the left anteiioi axillary line There was a blownng 
ajiii il sjstolu imirinui, witlu \t( nsion into the ixilli Tin i ntiie upper poition of the tlugli was tremendously 
swollen, a fliictii iting in is,s i ould be felt in this iigion 
'riic libontoij findiiigs well is follows 
liinnd 

I'emoglobiii 
White blood cells 

Pol} 11101 phonucle ii nciitrophils 
rosinojihils 
Lj nipliocj tes 
Monocytes 

Urine 
jiH 

Specific grax ity 
Albumin 
Lj mphocj tes 
Er} thioc} tes 
Bile 

Lrobilinogeii 


2 4 giams pel 100 cubic centimeters (15 per cent ) 

13,050 

75 

4 
20 

1 

5 5 

1 oil 

4 plus 
1 plus 
Occasional 
0 
0 


The operative iisk was recogm/cd, and two suitable donois for postoperative transfusions were located 
Because of the patient’s condition, 1,000 cubic centimctcis of five per cent glucose was started with cyclo- 
propane anaesthesia The pulse w as 120 and the blood pressuie was 124 systolic and 60 diastohc An incision 
for drainage was made through the fluctuating mass Pus and debus rolled out under pressure, and a large 
section of the tumor mass was removed rapidly Suddenly the patient's blood pressuie dropped to 60 systolic 
and 20 diastohc The wound was quickly dicssed and all known lestorative measuies w'ere apphed, but 
without benefit Oxjgcn, tiansfusion, adicnahn into the heait muscle, caffeine, and coramme were admin- 
istered, but within an hour after returning to bed the man died 

Todaj , we realize that preopeiative tiansfusions should have been given Howevei, the patient’s appeals 
for rchef of ternfic pain seemed to w an ant diainage Too rapid evacuation of the cavity probably con- 
tributed to the collapse This should have been conti oiled, had we contemplated such complete degeneration 
of the tumor 

The surgical specimen lemoved consisted of a laige tumoi mass, about 20 by 17 5 by 15 centimeters in 
size, but partially fragmented The cut suiface showed caseous and calcific material plus puiulent debris 
The microscopic sections were similar to those previously described, but wnth evidence of some acute in- 
flammatory reaction (The oiiginal diagnosis by J M N w'as soft^tissue giant-cell tumor with superimposed 
inflammatory changes ) 

Autopsy w as performed in this case (R D , male, tw enty-nine years of age. Autopsy Protocol Lincoln 
General Hospital No 1933) in 1940, a short time after lemoval of the tumor The gross autopsy report 
originally listed as the piimaiy findings the soft-tissue gianLcell tumors wnth secondary ulcerative and 
inflammatory changes The gioss report also included possible amyloid disease of the liver, spleen, and 
kidneys, congenital cysts of the kidneys, and fatty changes in the heart 

The microscojiic changes, including amyloid stains with ciystal violet, revealed amjloid disease of the 
kidneys, spleen, adrenals, and pancreas Amjloid deposits weie reported in the residual soft- tissue tumors, 
and it was because of this that subsequent tumoi s in other brothers were considered as mamfestations of 
amyloidosis 

A complete review' of the autopsy matenal reveals manj interesting features There is indisputable 
evidence of amyloid disease of the kidneys, spleen, adrenals, and pancreas Howexer, these changes in no 
■"ay resemble the peculiar calcific deposits seen in the pcnarticular tumors (Figs 2-D and 2-E) The amyloid 
in the xnsceral organs is of the usual homogenous tj'pe of infiltration around blood X'essels, and is wathout 
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foreign-bod}^ reaction or inflammation This stain for amyloid is specific for that substance only in a general 
way, and any amorphous material deposited m tissue will take this stain to a greater degree than the adjacent 
viable and normal tissues The ordinary hematoxyhn-eosin stains disclose a vast difference in the histological 
features of the tissues with the am3doid deposits and the ongmal tissues with calcific deposits Amyloid noton 
ously evokes no particular reaction m the tissues, while calcium acts as a foreign body and produces the 
reaction seen m the ongmal penarticular tumors 

It IS our opimon that the am3doid disease in the viscera was secondary to the chrome suppuration accom 
panying the local calcinosis Some tissues in this patient, particularly the lung, showed defimte peribronchial 
calcific changes without amyloid In the adrenal, both were probably present as distinct entities 

Case 3 W D This bo3’’, aged tw elve, had large tumors on the backs of his elbows, similar to those of 
D D and that removed from R D The one on the nght was discovered about one year before admission, 
and that on the left appeared about eight months before Both had been growing steadily, were about equal 
in size, and looked much like small apples There was no hmitation of motion and they were not tender, but 
the3'^ were bothersome and disfiguring Physical evammation showed nothmg further of an abnormal nature 
His temperature was 100, pulse 100, and respirations 22 per minute The blood pressure was 105 systolic and 
75 diastohc 

The laboratory findings were as follows 
Hemoglobin 
Wlute blood cells 

Polymorphonuclear neutrophils 
Bands 
Eosinophils 
Basophils 
L3miphocytes 
Monocytes 
Blood urea 
Urea clearance 


11 grams per 100 cubic centimeters (70 per cent) 
10,300 
52 
3 
8 
1 
35 
1 

26 

93 3 per cent (normal) 


In the Congo red test, 90 per cent of the dye was retained in the blood, which is within normal limits, 
no d3m was noted m one hour in the unne specimen The unne was not remarkable The sedimentation rate 
was IS millimeters in one hour (Cutler method) The calcium-phosphorus ratio was 10 to 4 

On May 3, 1941, both tumors were removed, recovery was uneventful The material removed consisted 
of three small fragments of tissue, measuiing as much as 4 centimeters m diameter A hght creamy "pus” 
was present in a fibrous and gntty stroma The review of microscopic sections showed a picture identical with 
that previously discussed, and t3Tiical of calcinosis (The ongmal diagnosis in this case, by J M N , based 
on studies made m conjunction with the autopsy just reported, was amyloid tumor of soft tissue ) 

On July 23, 1945, the boy returned with a large tumor on the lateral aspect of the nght hip, directl) 
over the greater trochanter He had first noted this about six months before, after havmg been kicked bj a 
horse The last two months it had increased rapidly m size It measured approximately 13 8 by 8 8 centi 
meters and protruded outvard under the tense skm, covermg about three inches One could palpate a multi 
locular, semifluctuatmg bodj’- of the tumor There was no tenderness and it did not seem to be firmly attached 
to the underlying structures Motions of the hip were not hmited and there was no hmp Nothing else of an 
abnormal nature was found on ph3^ical examination There was no evidence of recurrence of the turnon 
which had been removed from the elbow regions in 1941 X-ray examination of the hip region showed a large 
fluffy mass of calcium deposit or increased density over the region of the greater trochanter of the right hiP 
(Fig 3-A) The climcal and laboratory findings yielded nothing significant On July 27, 1945, through a 
longitudmal mcision, the tumor mass was removed It extended well up into the glutaeus maximus and 
down below the level of the lesser trochanter There was more extension of the process into the muscle sub- 
stance than m any of the previous tumors which had been removed It was necessary to resect a considerable 
amount of muscle substance and to remove the tumor mass completely The wound healed by first intention 
and no disabiht3 followed 


This specimen affoided the fiist opportumty foi study of material from these case' 
by one of the authors (F H T ), and initiated the review of eaiher slides, as described 
This mass measuied 9 5 centimeteis in diameter and was fragmented, showmg a peculiar 
gloss tissue of whitish-pmk stioma, veiy film, vuth small cavities containmg a semimucoi 
granular and calcific mateiial (Fig 3-B) There were attached skeletal muscle fragmen ^ 
present, and grossly the tumor appeared to have mvaded the muscle The tumor I'a 
tough and cut vuth increased gritty resistance Microscopically, the picture was e\ac ^3 
as described m the first case, and was considered a type of calcinosis The diagnosis v 
calcmosis, mvolxung periarticular soft tissues of the hip 
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Tig 3-V Fig 3-B 

Fig 3-\ ]Joci)tgeJiogn7n of tuinoi of nght hip with chiractcnstic findings of tumoral calcinosis 

Fig 3-H Gross siiccimon from lup (fi 5 centimeters lu diameter before cutting) shows cut surface with 
fibrous Strom i ind small cavities coiitamiiig milky and calcific debns 

On Mnj 27, 1047, we eared for (his boj , who had suffcied compound, comminuted fractures of the nght 
(ibia and fibul i, duo to having been kicked by a hoise He was convalescing very satisfactorily and there 
had been no recurrence or evidence of calcified tumors at the original sites or elsew here During the preceding 
two jears he had subjected himself to all types of trauma, as he is a “broncobuster" with real ability 

In summaiy of tlie pathological data, it appeals that the multiple peiiaiticulai and 
soft-tissue tumois in these thiee patients aie identical with one anothei, and that they 
are piimanl3’- a foim of calcinosis In the one case piogressing to death, ulceration to the 
surface with chionic suppuiation occuiied, and autopsy levealed definite visceral amy- 
loidosis plus eail3^ Msceial calcinosis (lungs and adienals) ^^diile it is the authois’ opinion 
that the am3doid disease is secondaiy, it is neveitheless significant because, to our knowd- 
edge, its association with calcinosis has not been lepoited previously Also, since so little 
IS knowTi about abnoimal calcium deposits, the coexistence of the tw^o may be moie than 
coincidental 

Fmally, the nature of the calcinosis itself invites speculation In the absence of sig- 
nificant disturbances m blood chemistiy, a local distuibance is most likely The possibility 
of abeiiant localization of S3movial tissue with a tissue leaction to the secreted foieign 
material is consideied Also, the possibility of an abnoimal synovial fluid m peiiarticular 
buisa with the pioduction of a tissue iiiitant fiom the synovial membiane might be 
postulated 

SUMMARY 

Three cases of calcinosis of the tumoial type aie lepoited The significant featuies aie 

1 The thiee patients with tumoial calcinosis aie bi others 

2 The sites of the tumors, as well as the microscopic appearance and laboratory data, 
W'ere similar 

3 The tumois'appeaied during adolescence and weie self-limited m size, after grow- 
mg foi about one yeai 
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4 Most of the tumois aiose neai joints m the legion of gliding sui faces oi bmsae 
but extended into muscles 

5 The tumois ueie faiilj^ uell defined, lobulated, and fluctuatmg 

6 Thej’- ueie not accompanied bj'- pain, tenderness, oi limitation of motion 

7 Complete lemoval seems to cuie the condition locally, but similai tumors mai 
appeal elseuheie 

The fatal ending m the case of R D was the lesult of long-standing mfection, due to 
eaily secondaiy mfection following diamage, extensive amyloid changes m the viscera, 
and unfortunate ciicumstances accompanying his critical condition w^hen final drainage 
w as attempted 

“Tumoral calcinosis” seems to be a distmct entity of the general condition, calcinosis 
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DISCUSSION 

Operatic e Treatment op Scoliosis 
(Coniimied from page 106) 

brace, it is not the “Blount” brace When we presented the basic principles two years ago, the greatest 
criticism was that one cannot correct a rigid curve as far wath the brace as wnth a bent jacket That is 
probably true in some cases In the matenal presented just now , it w as show n that extreme correction is not 
usually desirable In our hands, the brace has never failed to obtain all of the desired correction It will do 
everydhing that the transection jacket does It is easier foi the orthopaedic surgeon to use, and more com 
fortable for the patient to w ear It wall certainly collect the cuiwes which Dr Cobb has demonstrated Dr 
Schmidt and I, as well as many of our colleagues, are using the Milw aukee brace wath increasing satisfaction 
When we are sure that all of the “bugs” are out of the method, we plan to publish the technique in detail 


Dr Arthur Steindler, low a City, low a First, a point of definition What is scohosis? The earmark of 
scoliosis IS the irreversibihty of the position of the spine If the spine is no longer subject to voluntary muscle 
control, there is evidence of beginning structural changes I do not admit the term “phy siological scohosis” 

Second, scohosis is a deformity^ in w Inch the spine penetrates into the thorax by^ a process of lateral dis 
placement and rotation It leaves the thorax behind in rotation I have not heard a w ord about displacement 
of the thorax The thorax is alw ay^s displaced on the concave side Correction of the thorax must alw ays be 
earned out, therefore, by convex-side detorsion 

Third, I almost feel like falling on Dr von Lackum’s neck, not because he mentioned my^ name, but 
because after tw enty-five ymars of my preaching about compensation, he has finally' come back to it I started 
emphasizing compensation and I still take that stand, he started wath correction and now comes back to 
compensation 

What is compensation’ It is the development of counter curves, so that reahgnnient occurs between 
occiput and pelvis The case show ed by' Dr von Lackum, w ith 100 degrees’ deviation of w hat he called the 
primary curve, does not show any compensation The curvature of the body' W'as tiansmitted and continue 
through the pelvis and lower extremities One of the hips was in abduction and the other in adduction, t ® 
earmarks of decompensation This same pnnciple apphes to the anteropostenor curve If you have a roun 
hollow back and both curves are of equal length and angular value, they are compensated On the contran, 
if the curve includes the pelvis and extends through the low er extrennty', the curve includes the entire eng 
of the body Such a curve is not compensated It is necessary' to make a definite decision as to w hat 
tutes compensation I do not see how any' misconception or confusion can arise, if the definitions arc e 
rated on simple mechanical lines 
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THE ILIOTIBIAL BAND 

I IS Boll in ruonuciNG DEPonMir\ in Poliomyelitis* 

in CII \HLl S L IRWIN, M D , WARM SPRINGS, GEORGIA 

I rotii Georgia ll''ar»i Spiingi, b oundalion, Warm Springs 

In 1M2(), Yount ino^cntod an c\collcnt study of the tensor fasciae femoiis and indi- 
cated its pait in pioducing dofoimity of the lowei e\tiemities He pointed out a tiiad of 
dcfoimities, — hip-fleMon and abduction contiactuie, knee-fie\ion contractuie, and knock- 
knee Dining the Incntv-two yeais following this classical publication, there has been 
amjile in iteiial .n iilablc to make it possible foi one to iindeistand better the lole of con- 
tiacted fascia 1 ita in lowci-extiemity defoi mities, and the impoitant pait it plays in the 
scieie pehic ind tuink dcfoimities so often seen 

The iliotibial band with its allied stiuctiues is piobabty the gieatest defoiming factoi 
in low Cl -ti link and lowci-c\tiemity involvement follow'mg infantile paralysis It has been 
said that this is a fact onB in those cases w Inch had had no caie, or in w'hich treatment had 
been inadequate dining the acute and eaily convalescent stages This is not ahvays tiue 
The authoi has seen these contiactuies appeal and piogiess, in spite of the best consei va- 
tu c tieatnient a\ ailable to the patient The importance of these stnictuies as a defoiming 
factor has not been sufficiently emphasized smce the onginal woik of Yount 

The iliotibial band is the thickened poition of the fascia lata along its lateial aspect 
Tlio fascia lata has an extensive oiigm It aiises as fai posteiioily as the coccyx and sacium, 
lateially to the ciest of the ilium, and anteiioily to Poupait’s ligament and the supeiior 
lamus of the pubis It is composed of twm layeis, — a supeificial layei wffiich coveis the 
glutaeus maximus and tensoi fasciae femoiis, and a second layei deep to these muscles 
It gives attachment to most of the fibers of the glutaeus maximus and to all of the fibeis 
of the tensoi fasciae femoris The fibeis of the fascia lata then conveige to foim the ilio- 
tibial band on the lateral aspect of the thigh It is continuous medially wuth the lateral 
mtermusculai septum, thiough wdiich it gams attachment to the hnea aspera thioughout 
its length Distally, it gives origin to the shoit head of the biceps As it reaches the level 
of the knee joint, it again spieads out to become attached to all of the lateial piommences 
just below^ the knee, including the head of the fibula It is important to lemembei that the 
iliotibial band lies in a plane anteiioi and lateial to the axis of the hip joint, and in a plane 
posterioi and lateial to the axis of the knee joint 

Involvement of the muscles attached to this band is lesponsible foi the inci eased 
tension undei lyhich it is placed duiing the acute and eaily convalescent stages of polio- 
myelitis Spasm in the shoit head of the biceps and increased tension in the iliotibial band 
can be easily demonstrated by an attempt to extend the leg on the flexed thigh Spasm in 
the glutaeus maximus can be easily demonstiated by flexing the extended leg on the tiunk 
If the increased tension in the iliotibial band duiing the acute or eaily convalescent stage 
IS not leleased by adequate conseivative caie, this tension becomes a progiessive con- 
tractuie 

Tieatment indicated foi the patient in the acute stage should be continued until the 
joints of the hip and the knee can be passively earned thiough then full lange of motion 
in all diiections without foice, and wuthout pain oi discomfoit to the patient When tins 
has been accomplished, the full length of the iliotibial band will have been piescived, and 
dcfoimities due to its contiactuie will be less likely to occui 

* Presented at tlie Instructional Courses of the Annual Meeting of The American tcademj of Ortho- 
paedic Surgeons, Chicago, Ilhnois, January 1948 
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LOWER-EXTREMITY DEFORMITIES 

A contiactuie of the iliotibial band on one side may contiibute directly oi mduectly 
to the development of the following defoimities 

1 Flexion and Abduction Conti actuies of the Hip 

The band occupies a plane lateial and anteiioi to that of the hip jomt The pelvis 
is the fixed point fi om which the femui is flexed and abducted 

2 Conti acture of the Thigh in External Rotation 

For comfoit, patients with this defoimity maintain the involved extiemity in an 
attitude of flexion, abduction, and external lotation of the hip, flexion of the knee, and 
equmus and vaius of the foot The external rotatois of the hip undeigo adaptive shoitening 
to confoim to this position 

3 Genu Valgum 

The tibia wall be abducted and may be flexed on the femui The band continuous 

Avith the lateial intei muscular septum 
gams attachment to the entiie shaft of 
the femui along the linea aspeia The 
lateial femoial condyle does not pio- 
ject as fai distally as the medial con- 
dyle m stiuctuial knock-knee defoim- 
ity It is entiiely possible that these 
bone changes aie due to the gieater 
lesistance offeied by the more dense 
lateial septum As the genu valgum 
inci eases, the band is placed in a moie 
advantageous position to fuithei in- 
ciease the defoimity The contiacted 
band exerts a foice on the lateial 
aspect of the joint, similai to that 
which the taut string exeits on the 
concavity of an aicher’s bow 

Although numeious factois are 
lesponsible foi inequality of limb 
length, theie is leason to believe that 
the dense band attached to the femur 
thioughout its length can contiibute 
to the over-all shortening of this long 
bone The band ciosses both femoial 
epiphyses and the uppei tibial epi- 
physis In a glowing child, the band 
tends to become i datively shoitei as the femui becomes loqgei A tiemendous discrepancy 
may be piesent in the length of extremities with a shoit band on one side If some epi- 
physeal aiiests do not appeal to be letaiding giov th to the extent that is expected, a tight 
iliotibial band on the opposite side may be a contiibutmg cause 

4 Knee-Flexion Defoimity and External Toision of the Tibia 

As the defoimity inci eases, the loiee may become contiacted in flexion, since the band 
occupies a plane posteiioi to that of the knee jomt With the knee m a flexed position, the 
tibia and fibula mil lotate externally and the tibial condyles may begin to subluxate on 
the femui The fibulai head can often be palpated m the pophteal space This is paiticu- 
laily tiue if the shoit head of the biceps is stiong 
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Fig 1 Fig 2 

Fig 1 Varus defornuty of the foot caused by the applica- 
tion of a brace to an extieimty Mheie tibial torsion i\as 
present 

Fig 2 Functional vaius was coirected when thigh por- 
tion of the brace had been externallj’’ rotated 
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5 Varus Dcjoimity of (he Fool 

Thoic me vauous causes of vauis defoimity of the foot One of the most common is 
an aUompt to fit a long biacc to an cxticmity in which exteinal toision of the tibia is 
evident The laius dcfoimity develops m the picscnce of this toision, because the a\es 
of (ho knee and ankle joints do not occupj'- the same hoiizontal plane, ivheieas the axes 
of these joints in an oidinaiy nalkiiig biacc aie in the same hoiizontal plane When such 
1 biacc is placed on an cxticmity nith cxtcinal toision of the tibia, and the thigh poition 
IS picvcntcd fioni cxtcinally lotating by a pelvic band, the foot must turn into the vaius 
position to be in line with the knee joint (Fig 1) 

If the thigh poitioii of the biacc is allow^ed to lotate exteinally on the thigh, the 
functional laius dcfoimity will disappcai, as the foot can assume its noimal lelationship 
to the ankle (Fig 2) The dcfoimity, at fiist, is puiely functional, due to the brace, but 
latei it undcigocs typical stiuctuial changes, leqiuimg suigical inteivention 

nnroiiMiTins of thc pelvis and trunk 

1 Pehne Obhquity 

The thigh is flexed and abducted in lelationship to the veitical axis of the body only 
when the pelvis is lei el or is at a light angle to the veitical axis of the trunk When the 
extremity on the side of the flexion and abduction contiacture is foiced mto a weight- 
bearing position (parallel to the veitical axis of the body), the pelvis is forced mto an 
oblique position The obliquity is now^ the existing deformity, although it has been caused 
by contractuies below' the ihac ciest 

A lumbosacial scoliosis must necessaiily develop simultaneously -with the pelvic 
obliquity If the pelvis is held in an oblique position by contractuies below the ciest, the 
lateral trunk muscles of the opposite side wall contiact to confoim to the obhque position 
of the pelvis Structuial changes m the lumbai veitebiae w'lll follow, pioducmg a structural 
scoliosis 

2 Exaggerated Lumbar Lordosis 

When flexion contractuie is piesent on both sides, the entiie pelvis is tilted foiward, 
produemg exaggerated lumbar lordosis 


TREATMENT 

A contiacture, or shortening, of the iliotibial band cannot be corrected wnth conserva- 
tive stretchmg and manipulation by the physical therapist, neither can it be overcome by 
the apphcation of a series of plastei casts by the orthopaedic surgeon Suigical mter- 
vention is mdicated, regardless of the age of the patient oi the duration of illness It is 
impossible to lock the pelvis securely enough to allow a corrective foice of any conse- 
quence to be exerted on the contiacture The anterior and latei al abdommal muscles on 
the side of the conti acture are the muscles w'hich will undergo stretchmg by these consei va- 
tive measures The pelvis wall simply be forced into an obhque and hypei extended position 

A Soutter fasciotomy, the long-accepted operation foi the coirection of these con- 
tractures, IS a procedure to be condemned, as numeious lecuirences have followed this 
procedure It is an ill-advised operation for the follownng leasons These deformities are 
caused, not by contractures of the noimal muscle tissues, but rather by shoitenmg or 
contracture of the mtermuscular septa and envelopmg fascia This fact can easily be 
demonstrated by dividmg the contracted fascia coveimg the noimal muscle tissue, even 
after the cut edges of the fascia retract an mch oi moie, the noimal undeil 3 ang muscle 
tissue can be picked up mth tissue forceps and found to be m a lelaxed condition Muscles 
that are partially involved can become shortened, due to contractuie of the mvolved 
fibrosed muscle tissue scatteied throughout the normal muscle fibers, and m this manner 
can contribute to the severity of the deformity This explams, m part at least, why the^e 
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(lofoinutios 00(111 in II ill oxtioinitu's and \\ln, in the unilateial cases, these defoimities 
iinoho llu' o\li(Mnit\ with llie j^uMtei weakness 

The sluni f is( n ind hlnosc'd niiisde tissue extend fiom the ciest of the ihum distally 
to tlie h("id ol the Iiliiil i 'Plu' inipoi (ant thin{> to lomembei is that this shoit fibious mass 
(ininodiiee is niiu li (h'foi Inlt^ (list dh dioiit the knee as it can pi oximally about the hip 
The otTc'iuhnfi; stun lines must lie itt u ked pi oximally as w^ell as distally A fasciotomy foi 
the hi]) of the Obei t\i)(' ind i Yount f isdotomy foi the iliotibial band and lateial intei- 
miis( Ill’ll septum lie the opei vine pi o( ('dines of choice 

Obei s fisdotonn ( (insists in duidiii}!; the fascia and the inteivemng fibiosed and 
f is( 1 d b inds o\ ei t he sai tonus, i e( t us femoi is, and tensoi fasciae femoiis, as fai back as 
the gieitei tiodi intei Iniiin to the latoi il femoial cutaneous neive should be avoided 
The aiithoi s (omeiition ol a Yount lasciotomj’- is the lemoval of a block of the iho- 
tiliiil bind (2 to 3 centinieteis), diMsion ol the lateial mteimusculai septum dowm to the 
feniin, and sedion of the fasd i 1 ita dweiing the vastus lateiahs This is done about foiii 
niches (10 (entimetei'') ibo\e the kiu'e joint 

One should not tn to toiie(.t (ompktclv these contiactuies on the opeiatmg table 
In ca^cs with bil iteial defolmlt^ , the patu'iit should be placed postopeiatively on a hypei- 
cxtciided Biadfoid fi ime with both lowei extiemities enclosed in toe-to-giom casts wdiich 
aie attached b^ leiosdni to pio\ cut external lotation The defoimities have usually been 
collected b\ the time the sutuies can lie iemo\ed Foi the postopeiative coirection of the 
nioic se\eic defoimities, wedging in a doulile spica may be necessaiy 

Foi postopeiatn c collection in cases with unilateial defoimity, it is fiist necessaiy 
to piss 1 Kiischnci wile thiough the temm on the unaffected side, just above the condyle 
Toc-to-gioin casts aio ipplicd to both lowei extiemities, a Kiischner wiie being incorpo- 
latcd on the un iffectcd side The patient is then placed on a fiactuie table, the thigh on 
the side opci itecl upon is held in flexion and abduction Sufficient tiaction is exeited on 
the unaffected side, thiough the wiie incoipoiated m the cast, to bimg the pelvis to a 
light angle with the \citical axis of the tiiink (Fig 3) 

With tiaction maintained, the liody poition of the spica on the unaffected side is 
finished and allowed to set The patient now has a single spica, incoipoiatmg the tiunk, 
peh IS, and femui on this side The peh is is level and the lumbai spine is flat (Fig 4) 

The extiemity on the affected side, which has been maintained m flexion and abduc- 
tion and has not been incoipoiated in the spica, is internally lotated, extended, and ad- 
ducted until consideiable lesistance can be felt The double spica is now'^ completed bj'' 
tying this exticmitj'' to the single spica already applied to the othei side Additional 
collection is easilj’’ obtained by wedging the extiemity fuithei into incieased extension 
and adduction eveij’^ thiee to five days (Fig 5) 

The advantages of fixed skeletal tiaction plus plastei w^edgmg ovei well-leg tiaction 
become appaient when these defoimities aie moie closeB'^ analyzed Theie is an element 
of flexion as W’ell as of abduction in these contiactuies The flexion element is not appaient 
as long as the extiemity is in abduction 

"When the abducted extiemity has tieen adducted tow aid the mid-hne, the flexion 
contiactuie becomes evident The pelvis is tilted dowmw'aid and foi w aid, the lumbai 
loidosis IS exaggeiated dhis is the abnoimal position of the spine and pelvis when the 
cast IS applied foi well-leg tiaction This tiaction wall collect the abduction by inci easing 
the distance fiom the tiochantei to the anteiioi supeiioi spine, with the pelvis lotatmg 
on the femoial head Additional tiaction, howevei, will tend to foicc the lumbai spine 
into fuithei loidosis, due to the undistuibed flexion contiactuie 

With hxed skeletal tiaction, the suigeoii begins the collection of abduction and flexion 
contiactuies simultaneously, the pehas is level and the lumbai spine is flat The tiunk, 
pelvis, and the noimal lowei extiemity aie locked and held m then noimal positions bj 
the Kirschnei ware mcorpoiated m the plaster on the unaffected side 
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In long-standing defoimities, when the other muscles mentioned are secondarily con- 
ti acted and contiibute to the severity of a tight ihotibial band, a Soutter fasciotomy may 
laiely be necessaiy, m addition to section of the iliotibial band The iliotibial band should 
always be sectioned, even though a Soutter fasciotomy is indicated No collection is 
attempted on the opeiating table, and the final collection is always obtained by fixed 
skeletal ti action plus plastei wedgmgs, as outhned previously 

The suigeon who attempts to coirect and to fuse a curve in the lumbar spine, when 
the pelvis is part of that cuive, invites disaster if, before doing the fusion, he does not 
lelease all contiactuies beloiv the ciest of the ilium ivhich contribute to the deformity 
In all knock-knee defoimities lequiimg osteotomy m the supiacondylai region, section 
of the iliotibial band and lateial mtermuscular septum should be done at the same time, if 
the contiactuie contiibutes to the knock-knee deformity 

Eveiy seveie and disabling defoimity followmg pohomyehtis has an almost insig- 
nificant beginning It is impoitant to be thorough m examination, to lecognize these eaily 
functional deviations, and to coiiect them before fixed defoimities of pai amount im- 
poitance develop 
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TREPHINE BIOPSY OF BONE WITH SPECIAL REFERENCE TO THE 

LUMBAR VERTEBRAL BODIES * 

BY ROBERT S SIPPERT, M D , AND ALVIN M ARKIN, 51 D , NEW YORIC, N Y 

From the Orthopaedic Service f of the Mount Sinai Hospital, New Yorh City 

Aspnation biopsy of bone piesents the same advantages m diffeiential diagnosis 
as does aspnation biopsy of soft tissues Bone biopsy is usually much moie difficult, 
howevei, because of the technical pioblem involved m obtaining an adequate piece of 
mateiial fiom what is fiequently a relatively inaccessible site In the process of boring 
thiough bone, aspiiatmg the specimen, and expressing it by the use of the ordinary 
needle, theie is usually marked distortion of the tissue architecture This distortion adds 
to the already difficult pioblem of pathological mteipietation 

Most veitebial-body lesions can be diagnosed adequately by a correlation of cluneal, 
laboiatoiy, and loentgeiiographic findings Hoivevei, the pioblem of differential diagnosis 
fiequently arises, and, because of the inaccessibility of the veitebial body surgica J, 
the clinician must often be satisfied with a presumptive diagnosis 

* Bead befoie the Oithopaedic Section, New Yoik Academy of Medicmc, Apul 16, 1948 
t Robert K Lippmann, M.D , Director 

, the journal of bone and joint SUROEin 
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I'lg 1 llu oulu iiLtdlo (o) willi stjlot (&) IS iiiscittd jj'jQ 2 

down to bone (/) The needle is ‘idv'inced ovei the si j let 
to the bone, ind the stjlet is witlulrvwn (J) The inner 

saw-toothed biopsj needle (c), with huh adapted to fit a quartei-inch hand drill chuck, is inserted into 
the first needle (5) The huh has a knurled handle foi finger rotation m the case of soft or cystic lesions 
Fig 2 V case in w Inch chordoma w as show n on biopsy evamination The needle is correctly positioned 
against the hodj from which hiopsj material is to be obtained Note the landmarks The lower tip of 
the spinous process of the body from which biopsy material is to be obtained corresponds to the level 
of the transa ersc process of the bod}' below 


Kiisdniei, Christiansen, and Ellis used a motoi-diiven dull with a squaied-off needle 
to obtain biopsy material fiom soft tissue and bone Tiiikel and Bethell mtioduced an 
uinei needle mtli a tiephme tip, which tvas lotated by hand wnthin an outei protectmg 
needle, pimcipally for soft-tissue biopsy 

Although accuiate diagnosis can fiequently be made wnth tissue obtamed fiom the 
veitebral bod}' bj' means of a loutine aspiiatmg needle, the tissue usually represents 
distorted bone fiagments and mariow contents Because of the difficulty of pathological 
interpretation of these small bits of distoited tissue, a needle ivas devised ivhich employs 
the pimciples of the Tuikel needle 

Theie aie several features that make this new needle an excellent mstrument foi bone 
biopsy The beveled tip of the stylet is short and spear-shaped, to mmimize the amount of 
soft tissue obtained befoie contact wnth the bone is actually made with the mner biopsy 
needle (Fig 1) The innei needle is caiefully tooled and has ripsaw teeth, beveled on 
the leadmg edge, and projects 3 5 centimeteis beyond the outer needle ivhen fully mseited 
The innei bore of the needle is stiaight, to permit easy advancement of the core up the 
needle Wedge-shaped tips and innei -tin eaded tips iveie tiled, but the}’’ obstructed the 
advancement of the coie by wedgmg of bone m the tip of the needle A most important 
feature is the use of a hand drill to accomplish lapid, steady, contiollable lotation of the 
needle, this lesults m a unifoim coie of bone wnth little distortion of the aichitecture ivithin 
the core The hub of the needle is made to fit mto a quaitei-mch hand dull, but also 
contams a knuiled handle to peimit hand lotation foi soft oi cystic lesions 


TECHNIQUE 

The technique of nisei tioii of the needle is similai to that employed in paiaveitebral 
block of the lumbai sympathetic cliam, wnth the exception that the angle made w itli tlie 
veitebial body is slightly less acute, to pievent the needle slippmg off the body anteuoily, 
and to permit obtaining the maximum amount of tissue from the center of the body TJie 
biopsy IS performed under local or hght general anaesthesia wnth roentgenographic control 
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Fig 3-B 

Photomicrogiaphs sliowing tissue obtained by tlie needle Fig 3-A slions a cow of bone fiom 
a vertebral body under loii -power magnification (X 21), demonstiating undistoited bony archi- 
tecture In Fig 3-B a section of metastatic adenocarcinoma from tire vertebral body, under 
high-poiver magnification (X 330), demonstrates undistoi ted details of tumor and bone 


A well-centeied posteio-anteiioi loentgenogiam is studied in advance because of al 
teiations in landmaiks, due to anatomical vaiiations oi veitebial collapse In general 
the lovei tip of the spinous piocess of the bodj’- to be biopsied tvill coiiespond to tte 
level of the tiansveise piocess of the body below (Fig 2) The path of the needle an 
the paraveitebial aiea axe well mfiltiated with novocain, a long, fine-gauge needle bein? 
used, with the patient in the pi one position A scalpel-point incision is made at t if 
level chosen, about thiee and one-half fingeibieadths (6 to 7 centimeteis) lateiai to t f 
mid-lme The fiist needle, nnth stylet, is mseited downuaid and inn aid at an “ 
45 degiees with the suiface of the skin, until the tiansveise piocess is encounteied 
needle is nuthdiawn slightly and the angle is changed, so that it glances off the supen*! 
boidei of the tiansveise piocess as it is advanced down to the veitebial body A loc^ 
genogiam is taken and, if the needle is diiected coiiectly, as shoun in Figuie 2, the s 
IS lemoved and the mnei cutting-edge needle on a hand dull is nisei ted A coie is 
by rotating the drill at the desued speed, with contiollable dnectional piessuie, depen 
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upon <!u' ('onsls^on(^ of Iho hono Tho mzo of (ho coic can be legulated by calibiations 
on (lie nnu'i noodh' ^\lu'n (ho Inoiis-s has boon completed, seveial tuins of the needle 
aio iccoinphshed without .ul\ am omont, to assuio cutlmg off the coie at itsbase Theinnei 
needle is loinoved with llu' ( oie inside, and tho coie is expiessed with a stylet (Figs 3-A 
uid 3 -B) If (he (issue of solid (oiisistonei, it lemains w'lthm the needle and suction 
is nnneeessin If it is soft oi eistn , h ind lot ition can be employed, and syimge suction 
IS 111 untamed is the mnei needle is withdiawn 

The (ediniqiie of tiephine blo]ls^ of bones olhei than the vei tebi al bodies is identical 
to dial just deseiilied 


DISCUSSION 

This tcehiiKpie of tiejihmc biojisv piesents seveial advantages After removal of the 
innei needle emit lining the liiopsy c oie, i long needle can be mseited into the fiist needle, 
which IS held in plue, iiid iii^ fluid miteiiil m the lesion can be aspiiated foi smeai, 
guinei-pig inoeuhtion, riiltinc, oi olliei laboiatoi 3 '' pioceduie The piesence of the outei 
needle pieeludes soft-tissue iiijuiy due to lotation of the mnei biopsy needle In addition, 
by moMiig the outei needle slightly along the suiface of the bone, many cores can be 
obtained fiom ncighlioiing iieas without lomscition of the needle 

B3 appio lehiiig the \ ei tebial bodv less acutely than m the technique of lumbar paia- 
icitebial block, the needle stiikes the posteiolateial aspect of the veitebial body at 
such an angle that tlicie is vciy little likelihood of its slipping anterioil}'- Neive-root 
pnnctuie oecuis iiifiequcntly, and causes signs of loot iiritation only momentarily These 
disappcai as soon as the diicction of the needle has been changed 

In view of the ficqueiit distoition of the anatomical landmarks, it is more accurate 
and simplci, in appioa clung the veitebial body, to employ the relationship of spmous 
process to tiansveise piocess to vertebral body on the roentgenogram than to use a fixed- 
angle guide appaiatiis foi all cases, as described by ^ alls, Ottolenghi, and Schajowacz 
In aspiration biopsy of bones othei than the veitebial bodies, this needle is equally 
useful Little difficultv was eiicounteied in approaches to such lelatively inaccessible 
areas as the siipia-acetabulai and the mfia-acetabular areas of the pelvis and ischium 
Penetration of a thick coitex has been accomplished by the use of the hand dull, and it 
has nei ei been found necessai j”" to use a motor dull Most superficial bone biopsies, ivhere 
roentgenogiaphic control is unnecessaij'’, can be pei formed under local anaesthesia in the 
office 01 at the bedside 


SUMM VR\ 

The relative inaccessibility of the veitebial body foi surgical biopsy makes trephine 
biopsj^ A^aluable m this region use of the needle described, excellent, adequate undis- 
torted cores of tissue ma3'' be obtained, to aid in the diffeiential diagnosis of man3^ lesions 
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SURVIVAL AND GROWTH OF AN EPIPHYSIS AFTER 
REMOVAL AND REPLACEMENT 

BY I ALBERT KEY, M D , ST LOUIS, MISSOURI 
From the Department of Surgery, Washington University School of Medicine, St Louis 

In 1946, the authoi - lepoited the case of a boy, eleven years of age, who had suffeied 
a dislocation of the elbow with a fractuie thiough the neck of the ladiiis and displacement 
of the head of the radius backwaid into the elbow joint The dislocation was i educed by the 
family physician, and the patient was then hi ought to St Louis for treatment of the 
fiacture-dislocation of the head of the ladius 

He was operated upon about forty-eight hours after the injury, and the head of the radius, whicli in 
eluded the epiphyseal hne and a bit of the neck, was found completely free in the posterior portion of the 



Fig 1 


Dislocation of the head of the radius Preoperative and Postoperative weiis 
(Reproduced from article by J A Key, which appeared m T/ie dowmaf, 28 148, Jan m 
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Fig 2 

Lateral and antcropostenoi views of elbow, about thirteen months after opeiation 
(Reproduced from article bj' J A Kcj, which appeared m r/ie Journal, 28 148, Jan 1946) 

elbow joint It w as lifted out w ith forceps, placed in a folded tow’el, and laid upon the instrument table w hile a 
bed was prepared for it It was then replaced on the neck and the elbow was fie\ed to 90 degrees, the capsule 
was sutured around the head, the wound w'as closed, and the extremity w'as immobihzed in a plaster cast, 
care being taken to disturb the position of the parts as httle as possible during the apphcation of the cast 
The cast was removed eight weeks after the operation, and the boy was advised to begin to use the arm, but 
to avoid strain for a few w'eeks 

He returned thirteen months after the operation for a check-up, it was found that the movements of the 
elbow W'ere almost normal, there being about 5 degrees of hmitation of extension The roentgenograms at 
that time (Fig 2) show'ed the head of the radius umted and in satisfactory position It w as the author's 
opinion that the head of the radius and the epiphyseal hne were h\ang 

The previous report has been criticized by some who think that insufficient time had 
elapsed foi an end-result report, and that the head of the ladius looks dead in the lepio- 
duction of the loentgenogiams (Fig 2) Fortunately this boy has lecently letuined to 
St Louis, by request, for another examination 

He IS now fifteen years old, and at the time of the last examination a httle over four 3 'cars had elapsed 
since the operation He has grow n rapidly, and is now five feet, eleven and one-half inches tall The boj 
plays basketball and baseball on his high-school teams, and states that at no time has he noted weakness, 
pain, or disability in the elbow He states that this is his throwing arm and that he is able to throw a baseball 
as well as other boys on his team 

On physical examination, flexion and extension of the elbow and rotation of the forearm were normal 
when compared with the uninvolved left upper extremity There was no ewdence of shortening of the radius 
or of deformity of the elbow or wrist The only abnoimality noted was shght soft crepitus on palpation over 
the head of the radius, while the forearm w as being rotated Roentgenograms (Fig 3) show the head of the 
radius hving and united to the neck with shght angulation The epiphj seal line appears closed This bo 3 now 
has an approximately normal right upper extremity 

The author believes that this repoit affords sufficient evidence to warrant reiteration 
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Fig 3 

Roentgenograms of the elbon ot a boy, fifteen yeais of age, in Mhom the head of the yadius had 
been completel}’’ removed and replaced at the age of eleven, four years and one month before The 
epiph 3 ’-sis has survived and gion n at the noimal rate It is possible that some of the head ma}' have 
died and been replaced (These waj'^s have been reversed ) 

of the statement that, m childien, epiphyses should be replaced if possible, because tliei 
maj'' survive and the bone ma}'' grow noimal^’’, even though the epiphysis has been com- 
pletely sepal ated and is without blood supplj'-^ In these days of bone banks, this ease is of 
interest because it brings up the peiennial question of how much of a bone giaft lives, it 
may constitute some evidence on behalf of the autogenous graft 
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ACU'I’K VNI’KHIOI^ DTSLOC \TI()N OF THE SHOULDER 

in I oil I K K M( OI M D , MO'frCLAIR, NEW JERSEY 


Six ^o^l^ iii;o, tiic inlhoi U'pmlod lo this oigamzation on the lole of the aiticulai 
c'lpsulo in inlc'iioi dislocition ol (he shouldci Included in this lepoit weie obseivations 
hi'^cd on (lie pathologic d findings in five cases of acute anteiioi dislocation Since that 
(line, (lie ludioi his opeiated upon twenty-two moie acute dislocations of the shouldei 
nid his found (hat the locition iiid extent ol the pathological lesion vaiy in diffeient 
cihcs, depending upon the piodiuuig foice 

A foicc of Iniiei ihdiKtion will ten the capsule liom the neck of the humeius and, if 
scieic enough, will ten put oi ill of the subscapulaiis tendon fiom its attachment to the 
neck of the humeius (lugs 1 to S) If i foiee of impaction is added wdiile the aim is going 
into abduction the c ipsulc and the libuiin will teai aw^aj’- fiom then attachment to the 
neck of (ho seipiili The capsule will also teai, m a longitudinal diiection, as the head 
becomes dislocited (Figs 0 uid 10) 



Fig 1 



Fig 2 


Fig 1 Roentgenogram of sliouldci in 85 dogices of abduction 

Fig 2 Position of capsule wlicn shoulder is in 85 degrees of abduction 



Fig 3 


Fig 4 


Dg 4 S honSroVh™^^^^^^^ shoulder is in 105 degrees of abduction 

* Read at the Annual Meeting of The American Academj of Orthopaedic Surgeons, Chicago, Illinois, 
January 29, 1948 
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Fig 5 Roentgenogram of shouldei in 115 dt 
grees of abduction 

Fig 6 Capsule and part of subscapularis have 
torn away from neck of humerus when shoulder 
reaches 115 degrees of abduction 


Fig 7 Hj'peiabduction teais capsule and sub- 
scapulans tendon from neck of humerus 

Fig 8 Capsule and subscapularis tendon torn an ay 
from neck of humerus and^feucked into joint, covering 
glenoid cavity (I indicates anteiioi capsule covering 
glenoid cavity ) 


f ' 






Fig 10 

Fig 9 Force of abduction and impactw 
produced by fall on elbow , 

Fig 10 Capsule torn an ay from run of gienv' 

cavity by force of abduction and impacti 
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Fig 11 

,, .no™, 

membrane 

Tlioio K still a misconception about the method of attaclimcnt of the capsule and 
labrum to the scapula Some su.geon, think that the capsule and >f ^ 
the nm of the glenoid cavity and that, iihen they aie tom away ^ 

they do not become icattached Theicfoie. iie ^'^Frev and dSsoiI 

However, the obseivations of the authoi, made m 1911, and ^ 'J 
m 1947, show that the capsule and labium aie attached piimaii y P 

coveis the neck of the scapula (Fig 11) , r x + rvnnopmitivp cases of 

The lepoit piesented lie.e is based on a study of twenty-seven consecutive cases 

acute anteiioi dislocation of the shouldei 

„ isoel a ctiff shoulder i\luch was mampulated under 
Case 1 A school teacher, thuty-three yeai , < attached to the head of the bed 

anaesthesia in order to increase motion After mampu a shoulder region When the hand 

for five daj s, dunng w Inch time the patient ® ^ Roentgenograms show ed antenor disloca- 

was released, the patient could not brmg he^^^^^^^^^^ ^Suotssfd, the shoulder was explored The 

tion of the shoulder After a closed reductio P ^ attachments to the neck of the 

antenor capsule and the subscapulans tendon capsule and the subscapularis tendon had been 

humerus and were covenng the glenoid cavi y p„vitv The capsule and the subscapulans tendon 

lifted. It was possible to replace the head m the to exercise her shoulder to 

were then reattached and, at the end ^ ’ je(j,siocated The patient refused further operation 

prevent stiffness Seven w eeks later the shoulder became redislocateU P 

u X m foil between two trucks and his nght arm was forced over his 

Case 2 A farmer, forty-eight years old, shoulder Exploration before reduction disclosed 

head Roentgenograms showed antenor , orocess the capsule and subscapulans'’had been 

that the head of the humerus was lying under the ulenoid cavity The head of the humerus w as 

torn away from the neck of the humerus an w ere ^ , forcing the arm from the side of the chest 

replaced under the acromion by the use of dow nw ar r capsule and subscapulans tendon before the 

wall It redislocated very easily It was necessary o a^ttempt was made to repair the defect, but the 

head of the humerus could be reduced satistacron y prevented abduction and ex-ternal rotation 

shoulder was immobUized for eight weeks in an apparatus w hi ch preve 
At the end of five years the dislocation had no recu 

t ndme on a stool to hang curtains The stool slipped, she 
Case 3 A housewnfe, aged thirty-nine, w'as s shoulder Roentgenograms show ed antenor disloca- 

grasped the curtains, and felt something give in er the capsule and the lower half of the sub- 

tion of the 1 ight shoulder On exploration, the anterior portion 
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Fig 12-C 


Fig 12-A Anterior aspect of shoulder 
joint 

^ il, Long head of biceps 

2, Transverse humeral hgament 

S, Coracohumeral hgament 

4, Subscapulaus tendon 

5, Antenor portion of capsule 

Fig 12-B I, Point of division of long 
head of biceps 

2, Transverse humeral and coracohu 
meial hgaments, reflected up to based 
coracoid 

Fig 12-C 1, Gouge in position througti 
head of humerus 

2, Plug from head of humerus 

3, Distal portion of long head of biceir 

4, Proximal portion of long head of bicep 

scapulans tendon neie found to have been 
torn awaj’’ fiom the neck of the humerus be 
attempt v as made to repair the capsule orfbe 
tendon, but the dislocation of the shoulder 
was reduced bi ti action and adduction, witt 
the fist high in the axilla Then the shoulder 
V as immobilized foi seven v eeks To dale, 
after tluee and a half 3 ears, there has been 
no lecuiienco 


Case 4 Aw oman, thirt3’^-eight 3^eai‘s old, had a stiff shouldei , v Inch n as manipulated under anaesthc n 
and direct vision The abduction manipulation toi e the capsule an av-^ fi om the neck of the humerus in a lonp 
tudinal direction Wlien abduction was continued, the head of the humerus became dislocated Tlie head 
replaced by dov nv ard traction and adduction, with the fist high m the axilla The shoulder n as imniobibz j 
for eight V eeks At the end of a 3'ear theie had been no recuirence, but the motions m the shoulder acre ‘ ' 


restneted about one-half in all directions 


C\SE 5 A basketball player, vliile shooting a ball into a basket, had his aim pushed up farther He ^ 
something tear and give va}"^ in his left shoulder Roentgenogiams shoved an anterior dislocation 
tion disclosed that the capsule and pait of the subscapulans tendon had been torn ava}’’ from the nec ^ 
the humerus No attempt was made to lepaii the capsule or the subscapulans tendon The patient 
athletics at the end of three v eeks, and one month later this shoulder became rcdislocated v hen he v as 0^^ 
for a basket At reoperation, the capsule w^^ found to be loose, although healed and intact The la run 
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Fic 12-D 

Frontal ^cclion of shoulder 

1, lA)ng head of biceps 

2, Coracohumcr il ligament 
S, Supraspiintus mu<5clc 



Fig 12-E 


Frontal section of shoulder 

1, Plug of bone in position 

2, Coracohumeral ligament and long nead 
of biceps have been passed through head ot 

humerus , , ^ 

3j Long head of biceps has been sewed 

together 


U.™ l„so from the nm of the glcho.a, hut tU. oopsolo 

was treated by anterior capsulorrhaphy ^ ^'^2 A to 12-E) No recurrence has been reported for two 
ligament through the head of the humerus (Figs 12-A to U it.; 


years 


^ . f ir.c truck and landed on his left elbow Roentgenograms of the 

Case 6 A truck drivci w as throw n fiom lus ^ dislocation of the head of the humerus The 

left shoulder showed a fracture of the or u ^ labrum had torn away from the nm of the 

elbow was lacerated Exploration reveaM <, rcnlaced bv dow nw ard traction and adduction, with 

6l»o.d Tim monoid nm, not frnctumd Tl.o hood »» wlarf by A 

the fist in the axilla No attempt was made to suture the capsuie 



Fig 13-A oUrlnction with fist high in the axalla 

Fig ’13-A Shouldei>as been reduced by by’restncting abduction and externa 

1, Fig 13-B Showang apparatus which prev 
rotation 
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TABLE I 

Summary of Findings in T-vsTiNir-SEniN Cases 


Case 

No 

Age 

Occupatioa 

Causative 

Force 

Pathological 

Findings 

Immobili- 

zation 

(TT^eeks) Results 

Remarks 

1 

34 

School 

teachei 

Hypei abduction 

Capsule toi n 
from humerus 

2 

Redislo- 

cation 

Refused rc- 
operafion 

2 

47 

Farmer 

Hyperabduction 

Capsule torn 
from humei us 

8 

Satisfac- 

tory 

3 

39 

HouseMTfe 

Hyperabduction 

Capsule torn 
fiom humerus 

7 

Satisfac- 

tory 


4 

38 

HouseiiTfe 

Hyperabduction 

Capsule torn 
from humei us 

8 

Satisfac- 

tory 


5 

17 

Pla5Tng 

basketball 

Hyperabduction 

Capsule torn 
from humerus 

3 

Redislo- 

cation 


6 

29 

Truck diiver 

Abduction plus 
impaction 

Capsule torn 
from scapula 

8 

Satisfac- 

tory 


7 

17 

Playing 

basketball 

Abduction plus 
impaction 

Capsule torn 
from scapula 

8 

Satisfac- 

tory 


8 

16 

Plajung 

football 

Uncertain 

Capsule torn 
from scapula 

8 

Satisfac- 

tory 


9 

19 

Plajung 

football 

Uncertain 

Capsule toi n 
from scapula 

8 

Redislo- 

cation 

Reopention 

10 

17 

Plajung 

hockey 

Uncertain 

Capsule torn 
from scapula 

8 

Satisfac- 

tory 


11 

16 

Playing 

football 

Uncertain 

Capsule torn 
from scapula 

8 

Satisfac- 

tory 


12 

18 

Plajnng 

football 

Uncertain 

Capsule tom 
from scapula 

8 

Satisfac- 

torj^ 


13 

19 

Playing 

football 

Uncertain 

Capsule torn 
from scapula 

7 

Redislo- 

cation 

Reoperation 

14 

18 

Plajnng 

football 

Uncertain 

Capsule torn 
from scapula 

8 

Satisfac- 

toiy 


15 

18 

Playing 

football 

Uncei tain 

Capsule torn 
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spccnl ippu itiis w us niplit'd (o nstucf 'ibdviplioii luid osUinal lotatioii (Fig 13-B) Thcic has been no 
rocurrcnrc for lliuc ^('\rs 

C\si 7 A b uski tb lU 1)1 VMM fi'll on Ins iiglvt (Ibow ind ilislocated his nght shoulder E\ploiation showed 
tint the cipuiile vnd Ihe 1 ibiuin h nl bciMi loin finni Iht inn and neck of the scapula No repairs were made 
Tlie upper exlreniitj w vs uninobilwi d foi eighi wiiks No utuiiencc has been reported ovei a period of 
three > cars ^ 

In the nc\(. twenfy c.ibus, ill lugh-btliool students langmg in age fiom fifteen to nine- 
teen jeaib, the descuiitions of the injiiiics weie unceitam In all of them the capsule and 
the hbium had been toin fiom the urn and the neck of the scapula No attempt at repau 
had been made Except in tliice cases, none had fuithei lecuiience aftei their activities 
had been icstiictcd foi eight necks bj"^ an appaiatus nhich pi evented abduction and ex- 
ternal lotation In tno of these thicc cases, a second operation nas peifoimed, the long 
head of the biceps and the coiacohumeial ligament weie passed thiough the head of the 
humerus, and the capsule nas icattached to the iim of the glenoid, as described by 
Bankart 

The author has found, by obscivation undei dnect vision, that the best method of le- 
ducing dislocations is by donnwaid ti action and adduction, with the fist m the axilla 
(Fig 13-A) 

In no case in this senes of twenty-seven was the axillaiy neive injuied 

CONCLUSIONS 

Perhaps no fai-i caching conclusions should be diawm fiom this small senes of tw^enty- 
seven cases of acute antenoi dislocation of the shoulder How^ever, it seems fair to say that 

1 The pathological findings in acute an tenor dislocation of the shouldei aie not the 
same m everj’- case 

2 The mjury depends upon the causative foice Hypei abduction wall tear the capsule 
from the neck of the humerus and, if seveie enough, will tear pait or all of the attachment 
of the subscapularis tendon aw^ay fiom the humerus If a force of impaction is added as 
the arm goes into abduction, the labrum glenoidale and the capsule will tear from the neck 
of the scapula, also in a longitudinal diiection 

3 Reduction of acute antenoi dislocations is accomphshed wath the least amount of 
trauma by traction and adduction, with the fist high in the axilla 

4 Most recurrent dislocations of the shoulder aie the result of too eaily and too 
vigorous use of the shoulder, before the capsule has had time to heal and to reattach itseK 
to the neck of the humerus or the neck of the scapula An eight-week period of immobility 
m an apparatus which will prevent abduction and external rotation gives the best results 
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Abel rcstr = abduction restriction E\t rot restr = external-rotation restiiction Int rot restr = internal-rotation restriction 



Fig 1-C Fig 1-D 

Roentgenogiams, taken in foui cases, show various types of fractures w'hich may occur with posterior 
dislocation of the shoulder 

Fig 1-A Large fragment from inferomedial segment of head 

Fig 1-B Fiacture of large segment of head 

Fig 1-C Fracture of lesser tuberosity 

Fig 1-D Small fragment from inferomedial segment of liead 

PATHOLOGICAL FINDINGS 

Detailed knoM ledge of the gioss pathological changes in traumatic posterioi dislocation 
of the shouldei is lacking This hiatus in oui knowledge lesults fiom the fact that (1) *1“’ 
lesion is infiequent, (2) when lecognized early, open opeiation is laiely necessaijq and (3) 
in the patients who have late suigical repaii, the initial soft-tissue damage is obscuicdb' 
dense fibious-tissue lepaii 

The degiee of gioss disaiiangement of the humerus and glenoid depends upon the 
violence of the foice pioducing the in]ui 3 '’ Cadavei expeiiments show that this dislocation 
can be pioduced bjr foiced internal rotation of the arm in adduction It is probable that m 
accidents there is a forcible upward thrust on the humerus as well In those posterior 
dislocations which result from moderate violence, such as occur from muscle contraction 
in the epileptic and in oidinaiy falls, the head of the humeius lies beneath the acromion 
process, with the anatomical neck abutting against the posterior rim of the glenoid fo'^n 
The lessei tubeiosity of the humeius lies on the glenoid fossa If theie is a maiked upim^ 
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(hnisl in (ho violonoo tho iiiiiuv, 

(ho hoiui of (ho luimouis nviv ho foiooci 
moic pos(ouoih umloi (ho spmo of (lio 
bcaiRil i 

I( IS olnious (hi( (ho o\(cn( of tho 
soft-(issuo (limiiKO Mill clopond upon tho 
foico piodueinp; tho dislocation Moulhn 
and Koidi, in 1601, ooiioludod fiom 
cad n 01 oxiioiimcnts that the ligaments 
and oipsulo woio not injniod, hut (hat (ho 
disloLTtion w IS duo (o i sopaiation and 
displ icomont of (he glonoidal lihium 
Obsonations of moic value toncoining 
(ho sof(-lissue dam igo hai o hcen made hy 
ItoMc and Ycc, doboitson and Staik, and 
Hindonach These authois have all do- 
sciihcd the surgical ticatment of iccuiiont 
postoiioi dislocation of the shouldei, 
Minch Mas the sequela of an oiiginal acute 
traumatic postci 101 dislocation Romo and 
Yee, in tMo patients, found the capsule 
sepaiated fiom the neck of the scapula, 
and satisfactoiily lehe^cd the lecuiiing 



Fig 2 


dislocation bv icattaclung the capsule to 
the posterior glenoid maigiu aftei the 
mannei desciibcd by Bankait for locuiient 
antenoi dislocation Robeitson and Stark 
operated upon thiee patients Mitli poste- 


Di awing of clinical appearance of posterior disloca- 
tion of shoulder, showing prominent coracoid process 
and anterior margin of acromion process, bulge of 
humeral head postenoi ly and flattened deltoid , partial 
inteinal rotation of humeral condyles, and inability 
of patient to supinate back of hand flush to table 


nor dislocation If a lax capsule M^as found postenoily, lelief of the chiomc dislocation M^as 


effected by plicating and leattaching the capsule to the posteiioi maigin of the glenoid 


Hmdenach found a loose capsule in one patient, and tieated the condition by a postenoi 


bone block Both Hmdenach and Roue and Yee cite instances of patients M^ho had not 


been iehex''ed of lecurring postenoi dislocation of the shouldei by a Nicola type of opeia- 
tion In the cases leported by these authois, the glenoidal labium Mas not found to be 
detached, although RoM'e and Yee noted eiosion of its posteiior inferioi surface It seems 
probable fiom these obseivations, theiefoie, that, in acute postenoi dislocation of the 
shouldei, theie is a teai in the postenoi capsule oi an axmlsion of the postenoi capsule 


from the neck of the scapula 

Damage to the bone and aiticulai caitilage of the humeial head varies M'lth the vio- 
lence producing the dislocation (Figs 1-A, 1-B, 1-C, and 1-D) In those dislocations lesult- 
ing from a minimal amount of violence, theie may be onlj'' an eioded aiea m the aiticulai 
cartilage of the humeral head A vertical trough t 3 ^pe of fiactuie may appeal m heie the soft 
cancellous head of the humeius comes against the moie dense glenoid iim The Icssci 
tuberosity of the humerus may be sepaiated from the shaft, oi a fiagment of bone ma 3 '' he 
avulsed from the humeial head at its junction Mith the shaft When the tiauma pioducmg 
the dislocation is seveie and the foice continues aftei the head has become wedged back of 
the glenoid nm, a complete fiactuie of the neck of the humeius may lesult, so that the 
proximal end of the shaft is pulled up ovei the face of the glenoid, m ith the head alone Rung 
postenoily Othei bizaiie patteins of fiactuie may lesult Mhen the foicc pioducmg the 
dislocation is long and continuous 

Injuiy to neive tiunks does not accompany postenoi dislocation, as the excui^ion 
of the head of the humeius is not gieat and it docs not diicctly contuse the ncries oi 
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sketch them Its diiection of dislocation is away fiom, rathei than towaid, neive ti links 
Extensive hemoiihage and infiltiation of soft tissues mth blood follows this injury, 
and maiked swelhng is common When these dislocations are umecogmzed and late open 
1 eduction is done, there is marked fibiosis about the humeial head and the glenoid, so that 
identification of stiuctuie is difficult In those late dislocations associated with fracture, 
extensive calcification may be piesent in the soft tissues, and new-bone foimation maj^be 
present about any fiagments 


CLINICAL PICTURE 

In the eaily case of acute posteiioi dislocation of the shoulder, and also in the old 
umecogmzed case of retioglenoid dislocation, theie is no difficulty m diagnosis The 
diagnosis is not obvious, howevei, duimg the peiiod of swelling produced by extensive 
extiavasation of blood under the deltoid muscle 

In the acute mjuiy before swelling develops, and also in the old umecogmzed case, 
the appeal ance of the shoulder is quite striking, especially with the patient lying supine 
Abnoimal prominence of the coiacoid process and of the anterior maigin of the acromion is 
piesent, mth flattening of the deltoid muscle belly (Fig 2) At the posterior margin of the 
aciomion piocess, wheie the deltoid noimally begins to flatten, there is a prominent globu 
lai bulge This bulge, undei the posteiior maigin of the aciomion, can be felt to be the 
head of the humerus The condyles of the elbow are m a position of model ate internal 
rotation With the patient supine, the foieaim cannot be supmated, so that the dorsum of 
the hand lies flush with the table, as a lesult of the loss of external rotation m the shoulder 
No glenohumeial motion can be elicited, all motions of the humerus moving the scapula 

ROENTGENOGRAPHIC FINDINGS 

Posteiioi dislocation of the shouldei is fiequently missed, because of inadequate 
loentgenogiaphic examination of the shouldei and because of unfamiliaiity with the 
noimal shouldei Anteioposteiioi loentgenogiams of the normal shoulder present a de 
cidedly different pictuie with the humeius in exteinal lotation than mth the humerus m 
internal lotation I^Tien the humeius is m exteinal lotation, the greatei tubeiositj’’ is seen 
prommently m profile, foimmg the lateial margin of the head, and the lessei tubeiosity n 
just medial to it There is also a half-moon shadow on the medial contour of the humeial 
head, wheie the shadov of the glenoid is supei imposed on the humerus The lowei third 
of the glenoid cavity'- is coveied by the medial boidei of the humeial head 

In aposterioi (retioglenoid) dislocation of the humeial head, the humeius is in extieme 
internal lotation (Figs 3-A, 3-B, and 3-C) Vaiious aiithois have called attention to 
changes appealing m the anteioposteiioi loentgenogiam Bonadeo Ayiolo noted loss of 
the shaip outline of the gieatei tubeiosity and the disappear ance of the half-moon shadow 
of the superimposed glenoid and humeius Rendich and Poppel called attention to the fact 
that, in a posteiioi dislocation, the lessei tubeiosity of the humerus foims the medial 
boidei of the loentgenogiaphic shadow of the humeial head, and also that the lowei third 
of the glenoid may be exposed m the anteioposteiioi roentgenogram of a posteiioi disloca 
tion Myntei pointed out that, in an anteroposterioi loentgenogram of a patient md' 
posteiioi dislocation, the gieatei tubeiosity lay “diiectly undei and behind the coiacoid 
piocess” These aie all valuable signs and, vhen piesent, ceitamly suggest a deiangement 
of the noimal glenohumeial lelationship Howevei, the noimal variations in contoui of the 
head of the humeius make them uniehable In addition, many of these changes can be 
simulated if an anteioposteiioi loentgenogiam is taken with the humeius in extieme m- 
teinal lotation, oi with the elbow supported in a ^''elpeau bandage 

The definite and unmistakable diagnosis of posteiioi dislocation of the shoulder j 
made by obtammg both anteioposteiioi and lateral roentgenograms (Fig 4) The laten 
loentgenogram is best obtained by holding the plate over the top of the shoulder a 
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iliu'ctnig Iho 1 IV into tho ixill.i (I'lgs 5 -A, 5 -B, and 5 -C) This lequiies modeiate abduc- 
tion of (ho lunnoius, Init is {^oiici illy possible without too gieat discomfoit A less satisfac- 
(oiv 1 iloial 1 low niav bo olit iinod liy dnoi ting the lay thiough the thoiax, with the umn- 
juicd anil o\ oi the ho id iiid tho pi ite on the lateial aspect of the injuied shouldei 

In tho latoi il (axilliiy) loontgonogiam of a posteiioi dislocation, the humeial head 
IS seen to he posteiioi to iiid outside (ho glenoid cavit}^ and to be wudety sepaiated fiom 
the coiacoid jiiooess In an anteiioi dislocation of the humeial head, the lateial roentgeno- 
giiin shows the head anteiioi to the glenoid, but, in contiast to a posteiioi dislocation, 
the head is close to, oi snugged up against, the coiacoid piocess 


Alltel opost Cl 101 steieoioontgenogiams of 
the shouldei, when Mewed by a poison with 
wcll-dc\ eloped stcicopsis, icveal tho posto- 
1101 dislocation Except by a loentgenologist 
who daily mows stcicoiocntgcnogiams, the 
posteiioi dislocition is apt to be missed The 
shouldei joint has \ ei v tittle depth, and does 
not lend itself well to stcicoiocntgenogiaphj 

TRL VTMl NT 

Successful ticatmcnt of posteiioi (letio- 
glenoid) dislocation of the shouldei depends 
upon three factois ( 1 ) eaily lecogmtion of 
the condition, ( 2 ) piompt leduction of the 
humeial head to its noimal lelationship with 
the glenoid, and ( 3 ) maintenance of the le- 
diiction until the capsulai stiuctuies ha^e 
healed 

In the first few' liouis after the injury. 



Fig 3-A 




Fig 3-B 


Fig 3-C 


Anteroposterior roentgenogiams of shoulder . , i , 

P.. 3-A N.,™l shoulder » tteV. 

tee of .h.rp'outlmo o[ greeter tul.erctj , looer third ot glcnord 

" ira-C N?r™"Zutd*ehn ISSSKr.hort.riS lots of elndoii of greeter l..l.tro-,t, , le-er 
tuberosity is m glenoid fossa 
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1 eduction is easilj'- effected, i\ith 
anaesthesia adequate to oveicomc 
muscle spasm Gentle ti action on 
the humeius, with the elbo^\ 
flexed, and simultaneous gentle 
manipulation to inciease the in 
ternal rotation, combmed Mith 
piessuie on the head of the 
humeius, cause the head to fall 
mto its noimal relationship to the 
glenoid The i eduction, hoivevei , is 
unstable, and dislocation easih 
lecuis as a lesult of motion oi mai 
lesult spontaneously fiom miisde 
spasm, even though the aim is im 
mobilized Of foui patients tieated 
b}"- closed 1 eduction and bandaging 
the aim to the side, spontaneous 
ledislocation occurred in three 
The position of greatest stability 
aftei 1 eduction is one of internal 
rotation of the humeius In one 
of these patients in whom a re- 
dislocation occur led, it was pos 
sible to maintain the second leduc 
tion by immobilizing the humerus 
m extreme inteinal rotation, with 
the forearm bandaged behmd the 
back for three weeks (Figs 6-A 
and 6-B) This is a veij'’ awkvaid, 
disabling, and uncomfoi table posi 
tion to maintain foi a long peiiod 
of time 

The folloiving method has 
been used b}'' the authois to ensure 
maintenance of the reduction m 
two patients with three dislocations of the shouldei It has been found to be safe and 
comfortable 

The first patient was a man, thiity-two years old, who suffered a posteiioi dislocation 
of the left shoulder as a result of trauma (Fig 7-A) He was subjected to a closed i eduction 
ten hours after the injuij'- With the patient under anaesthesia, the head of the humeru‘ 
was easily repositioned, however, with the forearm over the abdomen, the head became 
ledislocated The shoulder v as agam easily reduced With the humeral head held in norma 
relation to the glenoid bj'' pressure back of it, and with the forearm in fiont of the abdo- 
men, two wires were dulled through the intact skin over the acromion and through the 
head of the humems m a cruciate fashion The ends of the viies yveie left piojectmg 
through the skm over the acromion (Fig 7-B) The v nes were left in place for three v eeks 
with the aim held to the side in a Velpeau bandage, they v eie then removed and physica 
therapy vas instituted (Figs 7-C and 7-D) This patient did not have a concomitan 
fracture, and five months after injury he had normal motion and muscle pov ei m the s ion 

der and was taking part m athletics „n.tcrior 

The second patient was a man, sixty-six yeais old, who suffered bilateial pos 
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Fig 4 


Anteroposterior roentgenogram of posterior dislocation of 
shoulder, taken on day of injury, showing loss of outline of 
greater tuberosity, loss of semilunar shadow on medial side of 
head, and partial bareness of lower third of glenoid This pa- 
tient also had compound fractuie of elbow, and the posterior 
dislocation of the humeral head w as overlooked 




'I'u w'MA'ric I’cisriiUion oisi.of \iroN op the humekus 


IGO 



ri( VA 


Ijileril (will in) lointKi noEnnis of sliouldn, 
1 ikpii Mitli vrm ihduptid, pliii on to)) of slioul- 
(hr, ind rn\ diudtd into willi 

Fig vV Noun il dionldc 1 , with IntiiK r d li< ul 
111 glpiioid fos*. 1 

Fig )-B Fo<5tiiu)r didor ition, with huniei il 
held po’^tenor to glenoid fo’'«i ind itnioti ftoni 
conenid procL<i!5 

Fig 5-C Vnltnor didocitton, with humciil 
head iti front of gknoid fo<«i ind snugged up 
against concoid jirocc^s 

Fir 6-k Posterior view of humerus in posi- 
tion of extreme inteiiuil rot it ion, neeessaij to 
prcient redi«loc ition in one patient 

Fig G-B Photogra])h of arm in Velpeau band- 
age behind back to maintain internal rotation 




Fig 5-C 



dislocation of the shouldei m a convulsive seizme Tiieie nas a concomitant avulsion hac- 
tuie of a fiagment from the infeiomedial segment of each humeral head The condition w as 
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Fig 7-A Fig 7-B 

Roentgenograms of thiitj'-t«o-year-old man who suffered posterior dislocation of shoulder iMthout 
11 acture 

Fig 7-A Lateral (a\illaiy) view' (X-ray has been reveised ) 

Fig 7-B Anteroposteiioi roentgenogram after reduction, mth humeial head transfixed to acromion 
process by ciuciate mres 



Fig 7-C Fig 7-D 

Anteroposterior and lateral (axillaiy) loentgenogiams taken six weeks after reduction The cruciate 
transfixion wares have been removed 


not lecognized immediatel}'’, and the patient did not receive tieatment until the twelfth 
day aftei mjui}'- An attempt at closed reduction was unsuccessful, and open reductions 
veie done on both shouldeis at the same time, anaesthesia being used 

At opeiation, two large, loose fiagments of bone, one of which had been fiacturedfrom 
each humeial head, veie lemoved With the shoulder capsules exposed, it was impossdils 
to find anjr position in vhich the humeial heads weie stable m the glenoid 
head of each humeius v as held in noimal lelationship to the glenoid, the elbo'' 
and the foieaim bemg placed ovei the abdomen Two mies weie then dulled, m crucial'' 
fashion, thiough the top of each aciomion piocess and thiough the head of each humeri' , 
tiansfixmg the humeial heads to the acionuon processes The incisions were closed and i 
aims Avere loosely bandaged m front of the abdomen, with the elboivs flexed During 
three iveeks that the mres were left m place, the patient Avas comfortable At the end 
three Aveeks the AAUies Aveie removed by the ends, Avhich projected through the skin oif 
the acromion Each aim Avas placed m a slmg, and physical therapy was started 

This patient lecoA'-eied a good range of motion m both shoulders Nme months a 
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the injui V ho lol HI 110(1 (o hoavy woik lie had loss of abduction of 10 degrees and a 30 pei 
cent loss of e\tcinal iota (ion in each shouldci 

This pioccdiiio is snnplc, ooinfoitahlo foi the patient, and avoids the possibility of 
spontaneous i ('dislocation of (he head of (he hiinicius 

Tieitineiit of in old unieiognizi'd letioglenoid dislocation of the shouldei lequiies 
open lediiction If has boon slated by Thom is that good function ma}^ be expected m an 
old unicdiieed posteiioi dislotalion, due to the foimation of a neiv fossa on the scapula 
This si itement does not seem logical 'Vll patients in this gioup with old unieduced disloca- 
tions eomphiined of pain down the aim to the elbow, and none had any useful glenohumeial 
motion 

If the disloe itioii has been uniecogni/ed foi an appieciable period of time, wudespiead 
fibiosis of the iieiieapsiilai stiiietuies is alwaj's piesent Extensive dissection is necessaiy 
to mobilwe the liumeial head Aftei (he head has been freed, a position of stability in the 
glenoid IS ilw n s difficult to lind \\ue ti iiishxation of the humeial head to the acromion 
should be used 

In this gioup of patients, foui wcie subjected to late open leduction In twm of these 
patients an inteiioi dislocation lesulted, which might have been avoided had aciomiohu- 
mcial tiansfixion been used A Nicola tenosuspension failed to prevent the anteiior dislo- 
cation m one patient 

Arthiodesis of the shouldei was not lesoitcd to in this gioup of patients Aithrodesis 
should piobablj’' be done in a posteiioi dislocation of very long standing, m a young indi- 
vidual, when the aiticulai caitilage of the humeial head and glenoid fossa is so seveiely 
damaged (hat a satisfactoij jomt is impiobable 

PROGNOSIS 

Posteiioi dislocation of the shouldei, uncomplicated by fracture, when recognized 
early and tieated piomptly and adequatelj^ can be expected to lesult in normal lecovery 
of motion in the glenohumeial joint Those posteiior dislocations wffiich have a concomitant 
avulsion fiactuic or tiougli fiactiiie will also yield a satisfactoiy glenohumeial joint when 
lecognized eail}^ and tieated adequately Howevei, modeiate loss of abduction and lota- 
tion should be anticipated if a fiactuie is piesent 

It IS piobable that, despite piompt and adequate tieatment, lecuiient posteiioi 
dislocation of the shouldei will de^elop in a few' patients Posterioi dislocation of the 
shoulder, which is uniecognized and comes to tieatment weeks aftei the injur}', lequires 
open surgical intervention The lesult is likely to be poor, with maiked loss of motion in 
the glenohumeral joint and a painful shouldei, unsuited foi strenuous activity 

CONCLUSIONS 

1 Posterior dislocation of the shouldei is an infrequent injuiy It may result fiom 
trauma or fiom convulsive seizuie 

2 Because of the infrequency of this mjuiy, and because of the failuie to obtain both 
anteroposterior and lateial (axillary) i oen tgenograms of the shouldei joint, the dislocation 
IS frequently unrecognized foi a long peiiod of time 

3 Pi ompt recognition and ti eatment of posterioi dislocation of the shouldei by closed 

manipulation yield excellent lesults 

4 Even wuth eaily piompt induction, howevei, the leplacement is unstable and there 

IS gieat danger of spontaneous ledislocation 

5 The danger of redislocation can be avoided by the simple expedient of transfixing 

the induced humeral head to the acromion process with ciuciate wiies This does not re- 
quire an open operation x ^ rr^i i 

6 Failure of early lecogmtion necessitates open operatne intervention The results 

of late treatment are pool 
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DISCUSSION 


Dr Harrison L McLaughlin, New York, N Y I would like to emphasize one point brought out by 
Dr Nicola’s paper In two of the twenty-seven cases (between 7 and 8 per cent ), the dislocation resulted 
from manipulation of a stiff shoulder Several years ago. Dr Neviaser showed the damage that manipulation 
could do to the shoulder mechanism In oui Clinic, a great deal of satisfaction was experienced by the disrup- 
tion of w hat w e took to be adhesions when a stiff shoulder was manipulated Manipulation was done in a 
small senes with the shoulder exposed to direct vision, and we found to our surprise that what we had inter 
preted as a disruption of adhesions w as actually disruption of the normal structures of the shoulder Manipu 
lation of the shoulder is a dangerous procedure, followed by uncertam results, it should be approached mth 
caution, and, w hen done, it should be carried out wnth great gentleness 

I must disagree w holeheai tedly with Dr Nicola’s final conclusion that most recurrent dislocations of the 
shoulder result from too early and too vigorous use of the shouldei before the capsule has had time to heal and 
to reattach itself to the neck of the humerus or the neck of the scapula He stated that the best results 
follow ed an eight-w eek period of immobilization In the last tw enty cases he reported, the pathological lesion 
w'as identified These shoulders w ere immobilized for eight W'eeks and m three of them, or 15 per cent , the 
dislocation lecurred It seems to me that, rather than provmg the point, he has adequately demonstrated that 
prolonged immobilization w ill not prevent recurrence This has been substantiated by our own mvestigations, 
w hich suggest that recurrence depends upon the primary damage to the shoulder structures resulting from 
the original trauma It is because of variations m the detail of this injury that no Single operation will cure 
all cases of lecuirent dislocation of the shoulder 

Dr Wilson and Di McKeevei have done well in demonstratmg the frequency with which the diagnosis 
of posterior dislocation is missed The smgle early case which we encountered, how ever, did not require an} 
method, such as the tiansfixion wires advocated by these authors, m order to mam tain reduction 


Dr Nicholas J Giannestras, Cincinnati, Ohio My experience is limited to one case of recurrent 
posterior dislocation of the shoulder This w as seen w^hile m the Armed Services, and the following proceJm* 
w as carried out After exposure through the posterior approach, as described by Stark, the capsule was foun 
to be torn from the glenoid, and by internal rotation the shoulder could be dislocated at will The capsule was 
accordingly sutured to the edge of the glenoid process wnth mterrupted cotton sutures, but, m order to main^ 
tain reduction and elimmate tension upon the capsule, it was necessary to hold the shoulder m a position o 
external rotation Therefore, after closure of the muscular and cutaneous layers, the extremity was a 
against the side of the thoiax m external rotation wuth the elbow m complete flexion It was immobilize la 
this position for four w eeks bj’^ the use of adhesive tape and flannel bandages At the end of this time ac w 
motion and physical therapy w ere instituted, and w hen this patient was last seen, sixteen months after ope 


tion, he had complete recovery of motion , 

I appreciate the fact that the method advocated by Dr Wilson and Dr iMcKeever makes security o 
certain by the use of the transfixion wuies I should like to ask, however, if they do not feel that, ^ 
extremity held m complete exlernal rotation, sufficient stability could not have been achieved by 
tion in the acute cases w hich they reported, thereby obviatmg the use of the transfixion wares, and, m 
cases requirmg surgery, w hether a posterior approach would not have been the better one 

We w ho perform the manoeuvre of Kocher, recognize that the gentle external rotation of t e 
secret to successful reduction, and that replacement of the head occurs while one is externally rotaii 

(jConUnued on page 180) 
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Roicnt in(i'i(”^( in dnlotation of (ho shoiildoi has been largely devoted to treatment 
of (he icimioid (v|)e of lesion The louto dislocation has been taken foi granted, and 
(loitineid by (lie nianipnhdion mIuoIi Kochci desciibed in 1870 is still recommended as 
(he incdiod of cliouo WInlo i( lepiosontod a distinct advance in its time, the method 
should now bo disc aided as dangeious and imphysiological 

Althongh Cubbiiis and his associxtos insist that the biceps tendon offeis the chief 
ohstiuction (o icdiiolion of (ho disloiatod shouldei, the lesistance has generally been 
attributed to tlio tonic contraction of the subscapiilaiis muscle Stretching of this muscle 
with consequent lolcasc of the humoial head is the primary objective of Kochei’s ma- 
nocinre Tlicoretie dly, it would seem to offei a satisfactoiy, although brutal, solution to 
the proiilcm, but (ho dangei lies in the fact that fiacture of the shaft of the humerus may 
be the iindxcrtcnt sequel Almost invanabR^ the fractuie line is oblique, running from 
below the lesser tuberositj’’ upwaid and outward tow'ard the tip of the greater tuberosity 
The humoral head and lesser tubeiositj'- constitute the smallei fragment, the shaft and the 
greater tuberosit}’’ constitute the laiger fiagmeiit The constancy of this effect must be 
attributed to the stress everted by evternal lotation of the whole arm against the internal 
rotatory action of the subscapularis, acting upon the lesser tuberosity Where the magni- 
tude of this force exceeds the strength of the bone, fiacture takes place 

In order to axoid this danger, the wuitei suggested a method wdiich appears to be 
almost identical with the method attributed to Sii Robeit Jones ^ for the treatment of 
fracture-dislocations of the shoulder, but, wdieie Jones w^as concerned piimarily wutii 
aligning the humeral shaft w itli the avis of the dislocated head, this method has a deepei 
justification in the anatomical arrangement of the shoulder-girdle musculature It is the 
only method in w Inch the antagonism of individual muscles can be oveicome, and in wdiich 
the force used to oveicome muscle pull is in the same direction as that needed to effect 
reduction 

In the so-called "anatomical position”, with the humerus at the side, the diiection 
of the various muscles around the shoulder girdle seems to be completely haphazard (Fig 
1) Some run upward and outw'ard, others run downiw'ard and outw’'ard, wLile still others 
run either directly upw^ard or dow nw^ard The resultant of the shoulder-girdle muscles, 
acting synergistically, is directed principally in a medial direction With the arm in the 
anatomical position, this resultant exeits its maximum effect at a large angle, transverse 
to the longitudinal avis of the bone The force wdiich must be employed to conquer the 
resistance of the subscapularis must, at the same time, be large enough to overcome the 
medially acting components of the other muscles men the tensile strength of the bone 
is inadequate to meet this stress, fracture lesults 

When the arm is placed in the overhead or fully abducted position, an entirely differ- 
ent situation is created From wdierever they aiise, wdiether from in front or in back, all 
the shoulder muscles urn dnectly upward to be inserted into the humerus or into the axis 
of the extended uppci extiemity In a geneial mannei, all these muscles can be roughly 
divided into thiee oi foiii gioups Each of the^c may be consideied as lying upon the sur- 
face of sepaiate cones, the apices of which all he upon a stiaight line This st.aiglit line is 
tolhiieai wuth the axis of the aim and its extension, the foie urn (Fig 2) 

The innermost and shoitest of these cones is formed by the subscapularis, the supra- 
spinatus, the infraspinatus, and the teres minor Together, then insertions into the head 
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of the humeius foim the musculotendinous cuff, desciibed by Codman The second of these 
groups comprises the latissimus dorsi, the teres major, and the pectoiahs major The apex 
of this larger and more superficially situated conical group is placed more distally upon 
the shaft of the humerus The third gioup consists of the deltoid and the coracobrachialis 
The fourth and longest group is made up of the biceps and the triceps brachii, which insert 
into the radius and ulna, respectix'^ely 

Of all the positions which the humerus may assume, the overhead position is the onlj 
one in which all these muscles run in the same general diiection The resultant of the 
shoulder muscles is coaxial with the humerus, and the transverse or fracturing component 



DravMng of arm in the “anatomical position” 
w ith the course of the perihumei al muscles inked 
in black Note angle vliich adducted humerus 
makes ith axillary border of scapula 



Fig 2 


Fig 2 The same arm m complete overhead abduction The scapula has rotated on the chest The 
humerus is colhnear v ith the axillary border of the scapula All the perihumeral muscles fall into four 
groups of cones, the apices of which all he in the axis of the humerus 


is reduced to zero Phylogenetically, this is significant, because the overhead attitude is 
the position of arboreal brachiation This is the position m which the resultant of the 
total muscular effort acts to oppose the dowmwaid foice of gravity, which tends to tear 
the trunk away from the hmb-clutching aims It is the only position in xvhich a single 
force, exerted along the axis of the humerus, is accurately diiected to overcome each and 
all of the muscle actions at the same time For this reason, it has been chosen as the 
position in w^hich reduction of dislocation of the shoulder should be undertaken, in prefer 
ence to the anatomical position employed by Kocher 

The manoeuvres employed have been prexuously described as folloxx^s ® 

“The patient lies in the supine position, while the surgeon takes his position on the 
side of the dislocation In a right sided dislocation the surgeon places his right hand upon 
the patient’ s right shoulder, so that the fingers find firm support on the top of the shoulder, 
while the thumb is braced against the dislocated humeral head The right hand fi'O' 

the head as the left hand gently abducts the arm into the overhead position During 

this maneuvre the head of the humeius is suppoited so that it cannot move from i s 
dislocated position As a consequence, instead of moving doxvnxvaid as the arm nio'O^ 
upwmrd, the head rotates in place In this mannei the tendency to fuithei stretch alreaO 
stressed' neives is obviated Once the arm has been brought into complete abduc w 

in this overhead position, all cross-stresses exerted by all the muscles have been e i 
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Disi.or \TIONS \Nn 1 I! A cruni' -DISLOCATIONS OF THE SHOULDER 

in tod, llio licul DID bo Ronlly 
pushod o^ 01 (ho nni of (ho glonoul 
and (he dnlooalion loduocd ” 

(Fig 3) 

The ajijihoation of (ho method 
(o' acute dislocation, ivhcthei 
associated \\ith fiacturc oi not, is 
ilhistiated in the following oases 

C\si 1 E K , hoa-^ciMfc, aged 
se\ cn( j -‘icvcn, was first seen April 25, 

1040 \Eour d'lj's before, she bad fallen 
and suffered “a subcoracoid dislocation 
of thc’slioulder, associated \M(b a frac- 
ture of the greater tuberositj of tlu 
liumerus” An unsuccessful effort bad 
been made to reduce the dislocation 

On April 25, tlic patient w as admitr 
ted to the hospital for a reduction undci 
general anaestbcsia Tust before this u is 
started, a final attempt to reduce the 
dislocation was made The patient’s arm 
was slowlj' brought into the comiilcteb 
o\erhcad position On several occasions, 
when the patient became fearful, progress 
w as stopped, and the patient w as sootlied 
and cajoled into indolent cooperation 
Once the arm had been brought into 
complete abduction, the head was gently 
pushed into the glenoid fossa All clinical 
signs indicated complete reduction, and 
this was confirmed by the roentgeno- 
gram A Velpeau bandage was apiihcd 
for several daj's On April 27, the patient 
was discharged wath her arm in a sling 

Motion was restricted foi a matter of Fig 3 

several w ecks, but thereafter the patient steps in the reduction of dislocation of the light shoulder by 
gradually resumed her usual activities ti,Q overhead abduction-tiaction-pulsion method (Reproduced 
wathout an}' disability from Siirgei y, 3 739, 1938 ) 

Case 2 M K , housewafe, aged si\ty-four, wms seen on September 21, 1942 Early that mormng, she 
had fallen and sufTered a subcoracoid dislocation A local physician had unsuccessfully attempted to reduce 
this dislocation under general anaesthesia Some hours later the patient w as brought to Aew A ork 

The appearance of the arm w as typical, and there was no evidence of nerve injury The roentgenogram 
disclosed a subcoracoid dislocation of the pioMmal end of the humeius, associated wath a comminuted frac- 
ture of the greater tuberositj’’ of this bone Theie was outward displacement of the free fragments 

Because of the pievious failuie of attempted reduction under general anaesthesia, it was believed that 
great difficulty would be met in leducmg this dislocation Nevci theless, it was deteimined to make one 
effort by use of the method undei discussion No anaesthesia w as emploj ed The head of the humerus w as 
fixed, while the arm was elevated wath the gieatest gentleness When the arm had reached the overhead 
position, reduction was accomplished immediately, and even wathout the necessitj of pushing the head over 
the glenoidal labrum The patient expeiienced prompt relief of pain, wath immediate restoration of the range 
of motion She was given a sling and was permitted to be up and about, but was cautioned against excc=suc 
abduction of the arm A roentgenogram taken on the followang day was reported as showing ' correction 
of pre-existing luxation of the liumerus”, wath excellent alignment of the fragments at the site of the com- 
minuted fracture of the gieater tubeiosity Three days later, on Septembei 26, it was noted that the patient 
was actively moving the arm Theie wms no evidence of brachial fixation or nerve injury On the following 
day, the patient w as dischai ged to her home in Connecticut 

The following case IS Of special interest because Of the length f' * e wlimi had 

elapsed before closed i eduction by manipulation was successful An ul s' i 
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Fig 4-A Fig 4-B 

Fig 4-A Case 3, J II Subcoracoid dislocation of light shoulder, after six weeks Note calcification in^ 
tissues along outer side of the humeral neck 
Fig 4-B After closed reduction 

believe that aftei the lapse of three to four weeks, manipulative reduction, presumably 
by the Kocher method, is fraught with unusual dangei of fracture After foui to si\ weeks 
have passed, an uni educed dislocation of the shoulder was consideied hy Campbell to 
present a positive indication foi open opeiation in practically all cases This was not found 
to be necessary in the followmg instance 

Case 3 J R , houseT\afe, aged seventy-six, was first seen on November 18, 1945 She gave a history of a 
fall on her outstretched light arm on October 22, 1945 She vas taken to a hospital in Florida, vhere "in 
attempt at reduction v as made imder general anaesthesia Despite this, the patient continued to complain 
of pain so severe that she had to be given hypodeimic medication At the end of two weeks she v as discharged 
to the care of her family physician, but he refen ed her back to the hospital The patient i\as then given an 
mtra venous anaesthesia, and another attempt at reduction was made This, too, appeals to have been 
unsuccessful, and roentgenograms taken on November 14, 1945, still showed a “subcoracoid dislocation 
(Fig 4-A) The patient thereupon came to New Yoik 

Durmg her trip north, the patient contiacted a cold, and upon her admission to the hospital she pre- 
sented signs of inflammation at the bases of both lungs’^posteiiorly Because of the presence of the pulmonary 
signs, the medical consultant advised against surgicabprocedures Therefore, it was not until November 2S 
that the patient could be given a general anaesthetic 



Fig 5-A I'm 5-B 

Fig 5-A Case 4, R hi Fracture-dislocation of left shouldti 
Fig, 5-B, Aftei closed reduction 
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'I o i\oul (ho ]lO‘;«^I)ll1(^ of fi u Inn oi fl iiinff'* l<) (ho iiLUiovascubr sliiuctures, the arm \^as abducted 
widi pn \( out \o MMioiis dilhi ull\ w is < spi iii nu d in pi t(inp (ho aim into the oveihead position, but even 
stioiip pussuio ipiiiist dll' 111 id did nol oITkI k dm (ion A( (his point the shouldci was biaced and, while 
pi'iido (1 loUon w IS I \oiU d u|)oii dll ihdm tod nin, fiiin piissmc was maintained against the head of the 
IniiiioiU'' Almost is ■.iion m dn i omhim d ti n lion ind pulsion was applied, the head of the huinoi us slipped 
o\or (ho plonoid il mil iml (hi iimiouldiK bioiight to (lu sidi in a normal inaniiei 

A poslioduolion loi iilgi iiogi im (hip l-H) w is ii ported as showing almost complete coriection of pie- 
iMstingsiibioi 1001(1 disloi ition of (ho liiinii ms In (Ik soft (issues c\(cinal to the proximal extremity of the 
humoius, (lu ro w is in ossifunjr pion ss | he pilu nt in ide an uneventful lecovery and W'as discharged fiom 
(ho liospit il on D( (oiiilu I 0, in I'l, with i f inh ^ i(isf u I013 r ingc of motion Undei physical therapjn mobility 
was pi idu ilK incu isid, so th it b^ du (mu slu k (uincd (o her home in Floiida, she had an almost normal 
range of motion 

In August mill, du patunt ipini fell uiioii lu i light shouldci Because of the pain and limitation of 
abduction, she fi irod a k ( ui n iu( of the diskuatuin and immediately came to New Yoik but a roentgciio- 
pniii disolos( (1 a ft n tine of (he gii iti 1 (uiu iosi(\ witlioiil aiij displacement The uppei end of the humerus 
occuiiicd i(s norm il po'-dion in (lu ghnoul fo'-'-i, ind du c ileifical ion pi eviously noted had entirely disap- 
peared '1 he )) ilioiil w isliededb^ nu ins of i siiiig, and made a completely uneventful recovery with noimal 
range of 1110(1011 


Bpc.hiso of tlic cxticnicl}'- goiitio nicinipulation employed, the possibility of danger 
ciflicr (o ncr\ os 01 blood x esscls is minimal, and mjiiiy to them has not been encountered 
In all piobabildy, llic noive iiduuns which aic attiibuted to the method of leduction are 
coincident with the dislocation These oocui m about one of eveiy seven cases of so-called 
simple dislocation In x low of the legal implications xvhich may be involved, no dislocation 
of the shouldci should be leduccd until a piebminaiy and caieful iiix^estigation for nerve 
mx olx emenl has been made 

Not ex cu an ajiiiaicntly simple dislocation of the shoulder should be treated xxnthout 
wentgciwgnphic examination Conti aiy to the opinion of some authorities, fracture of 
the groatei tubeiosity occuis in ox-ei 10 pei cent of all the cases While this is not usually 
of great significance, such a fiactuic fiagment may be interposed betxveen the glenoid 
fossa and tiie liumcial head and so defeat the most skillful and conscientious effoits at 
reduction Visualization of a fiactuied glenoid 11 m may forexvarn the surgeon against too 
optimistic a piogiiosis Aboxm all, the loentgenogram is of x^alue in the diagnosis of frac- 
ture-dislocation In the pieseucc of exteiiaix e hemorrhage, particulaily if the patient is seen 
after the lapse of soxeial cla}^s, the clinical diagnosis of fracture-dislocation may present 
the utmost difficulty 

Because of the impossibility of conti oiling the small capital fragment, the Kocher 
niampulatiou is not only foiedoomcd to failuie, but may be fraught xvith consequences of 
a more seiioiis natuie It is in such instances that methods other than the classical haxm 
been successfully instituted This is illustrated in the folloxxang cases 


Case 4 R M , aged twenty-seven, was admitted to tlic hospital Octobei 30, 1937, shortly after he had 
fallen dow n a flight of stairs, landing on the oufeti etched left hand, wath the elbow held in extension He com- 
plained of severe pain 111 the left shoulder, ladiating down to the posterior aspect of the elbow In addition, 

he noted a sensation of numbness in the left hand , , 1 1 r n 1 d. -u 1 1 

The patient piesented the tjpical clinical appeaiancc of a subcoiacoid dislocation of the left shoulder 

There w as a w ell-defined ulnar-nerve lesion w itli definite signs of motoi w ea , i i n »i 

The roentgenogiam (Fig 5 -A) levcaled an oblique fracture of the upper end of the humeral shaft with 

subcoracoid dislocation of the capital fiagment , , 1 v j n i-jn; u 

Uiidei local anaesthesia and by the method dese.ibed here reduction w as accomphshed wathout difficul y 
The patient’s arm was immobilized in a Velpeau bandage A postreduction roentgenogmm (Fig 5 -B) dis- 
closed reduction of the dislocation wath excellent reposition of the fractured fragments Within a week 
the reduction, return of some sensation m the ulnar-nc^e distribution wi^ noted, after about two weeks, 
sensation was almost iio.mal, except foi some dysaestl.es, a This ultimate j disappeared xiath complete 
lesloration of motion 1.1 the si oulde" and idu.n of moto. powei m the .nus< les supplied by the ulnar nerve 


r, Cl nn Tiiiuaix'' 2. 1947, seveial dujs after he had fallen and 

Case 5 T M aeed foi(v-six, was fiist seen on lauuaii , , r , , i , r 

b.s „ 5 l,t 0 „ fc folio., doy, . roontgcoogron, ,o, clo.l a rrooturd.alocl.o.. of ll,o r.gl.l 
tbo cI,...clo..st.c oLmcal p.oturc of sub.croau.l d.slooat.on Tl,o TOntgonograms 
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revealed a comminuted fracture of the surgical neck of the humeius ivith a subcoracoid dislocation of mild 
degree (Fig 6-A) 

Because of the fiacture, the possibility of using the Kocher manoeuvre foi i eduction of the dislocation 
could not be considered, and it was determined to attempt reduction by the method of overhead traction 
pulsion Under gas, ox 3 ’-gen, and ether anaesthesia, the arm was gently brought into the complete overhead 
position The dislocation vas promptly i educed with hardly any force, and the arm was bi ought to the side 
(Fig 6-B) A hanging plaster-of-Pans cast was then apphed to the arm and forearm As soon as the patient 
had recoveied from the anaesthesia, he was permitted to be up and about He was discharged from the hos- 
pital on January 5, 1947 

The hangmg plaster was left on for a little over five weeks, after which time physical therapy and active 
motions were begun Function vas gradually restoied, so that by the end of Apnl the patient nas able to 
return to his usual duties as a pohce officer 

Case 6 R K , aged sixty-four, was seen on July 7, 1947, shortlj after she had shpped and fallen on he 



Fig 6-A Fig 6-B 

Fig 6-A Case 5, J M Comrmnuted fracture of the surgical neck with subcoracoid dislocation on 
the right side 

Fig 6-B Immediately after reduction 


r 



Fig 7-A Fig 7-B 

Fig 7-A Case 6, R K Fracture-dislocation of left shoulder before reduction 
Fig 7-B, After reduction 
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DlSIiOrV'llONs \N1) FlUCllTUr-DISLOCATIONS OF THE SHOULDER 

outstrctclipil Icf( nrni The ivitiont pio^enfcd 
(lie (jiiinl npin'iiann of i disloi itioii of (lit 
shoulder lliue wt'ie no si^ns of \n^ iiint 
in\ol\enieu( The lot n(penop;i'ini (lM(f 7 -A) 
disclostd isvdicoi It Old dislot v(ionof(lu lit itl, 
widi 0 lontidudin il fi n(uie of (lit ('itdti 
(uhernsi(\ iiitl iv (riiis\cise fi itliiio of (lit 
surpicd ncek of (ho ImnKius 

Bee lU'-e of ( ho p i( u ii( ’s o\( 1 1 me lu i \ ous- 
iiLss, (111, use of p^s-o\^p(ll nuisdicsii w is 
doLiiud iicccssir\ As soon is prinmy in- 
algebia li id been ob( iinul, (lie uni w is gcndi 
mmipuktcd in(o (he omHiluI iiosdion anti 
rcduc(ion was icconijilislicd Midi ilinosl no 
force (Fig 7 -B) llic arm Mas inimobili/nl 

in a Velpeau b indage, bu( slight ac(i\ e (It xion Fig 8 

and extension Men- begun Midiin a fiM di\s h,|c sdll alloMing limited motion, the “cheek rein” 

Vt the end of (line Mctks, ai(i\i giatlul picvints excessive abduction of the shoulder after reduction 
exercises Mere ins(itu(ed 

In (he (icatment of simple clisloi.itious, eaily motion is encouiaged Immobilization 
bj' means of a icstiictixc bandage is iniiposely avoided The patient is provided with a 
sling and is nigcd to use the aim m all diiections, except m abduction and m external 
rotation By applying a "figuie-of-eight ’ adhesive strap around the affected arm and the 
trunk, a “check” ligament is created, and the degiee of abduction can be readily contiolled 
(Fig 8) As healing of the toin «tiuetuie pi ogresses, a greater degree of abduction may be 
permitted by gradiiallj’’ inci easing tlie length of this “check” ligament In this manner, 
function can be instituted fiom the \ eiy beginning, and the limiting effect of periarthritis 
can be minimized Wheie the dislocation is complicated by a fracture, the beginning of 
motion must be dcferied until consolidation has taken place This may be accomplished 
by a Velpeau bandage, a hanging plaster, an abduction splint, or by traction m the recum- 
bent position, as the cMgencies of the case indicate 



CONCLUSIONS 

During the past ten yeais, many types of shouldei dislocations, both with and without 
fracture, have been studied In all, the treatment here described has been employed The 
method has been found easy in its application and gratif 3 ang in its results In no instance 
could any bone, vascular, or neive lesion, be attributed to its use It is founded upon a 
proper regard for the anatomy of the pait, and, in consequence, requires exhibition of 
only a minimum of “brute force” to achieve satisfactory reduction In most instances, it 
can be carried out without the necessity of narcosis This holds true even for old and in- 
firm patients, provided their confidence has been obtained and is not abused Because of 
tins, it may be used as an office or Out-Patient Department pioceduie 

(In an editorial on “Recuiient Dislocation of the Shoulder in the British Volume of 
The Journal of Bone and Joint Surgeiy [30-B 6-8, Feb 1948], particular stress has been 
laid upon the necessity of piex'^enting external rotation by immobilizing the shouldei in 
internal rotation for a period of at least four weeks This seems to be in confoimity with 
a very rational concept of shoulder dislocations, and should be employed in the post- 
reduction phase of the treatment ) 
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DISCUSSION 

iRAUMATic Dislocation op the Humerus 
(Continued from page 172) 

Dr Joha J F\hei, Chicago, Illinois We arc mdebted to Dr Nicola and to Dr Wilson and Dr 
McKeevei for these important contnbutions to the subject of shoulder dislocations As previously reported 
bj Dr Nicola, Dr DiCosola and I found that the most constant lesion of expeiimental dislocation seen it 
autopsj is a tearmg of the capsule from the humeral neck, a portion of the subscapulans tendon sometimes 
bemg mcluded We n ere not able to produce an impactmg force, n hile the extremity was in abduction and 
external rotation, v hich n e thought v as responsible for the sheai mg of the labrum from the glenoid Abduc- 
tion and external rotation n ill produce tears of the labrum horn the glenoid or capsular tears fiom the labrum 
in approximately 25 per cent of shoulders dislocated at autopsy This same manoeuvre will frequently tear 
the capsule from the humeral neck on one side and will result in some type of hsion of the labrum on the 
opposite shoulder 

It IS not easy to state that the mechanism causmg labi um tears in young athletes is different from that in 
older mdmduals Younger mdividuals quickly resume activity, and Dr Nicola’s apparatus for preventing 
abduction and external rotation seems promising m reducing the incidence of recurrence 

Immobilization for a period of eight veeks m older patients may result m some type of shoulder di'!- 
ability v hich outv eighs the chance of recurrence 

Dr Wilson and Dr McKeever have focused our attention on a veiy rare type of shoulder lesion Lack of 
experience mth this dislocation does not permit me to discuss this paper thoioughly If we follow these sug 
gestions for early recognition of the cases, our mformation on this type of dislocation, n hich has been so 
clearly demonstrated, should rapidly mcrease 

Dr George E Ben-N'ett, Baltimore, Mxrxland I have observed tvo cases of recurient posterior 
dislocation of the shoulder m v hich reduction could be easily accomplished, but in which the head of the bone 
w ould immediately become redislocated posteriorly In both cases, it w as found at exploration that the biceps 
tendon had been partially torn from its sheath and was acting as a bow string, preventing the shoulder from 
remammg m position 

Dr Toufick Nicola (closmg) Perhaps the eight-week period that I mentioned would be changed in 
older patients There is no question in ray nund that, if the shoulders in ymung patients are not immobilized, 
100 per cent recurrence will follow the acute dislocation, as happened in our series 

The dressing used after reduction allow s flexion and extension of the elbow, pronation, supination, and 
full use of the hand, and y et it does not allow too much atrophy, as w ould happen if y ou put it close to the 
chest 

Dr JohnC Wilson (closmg) It is believed that the shoulder joint is not stable in external rotation, as 

suggested by Dr Giannestras Complete mternal rotation of the arm, with the forearm behind the back, was 
the onty position w hich w e found to be stable after open or closed reduction of a posterior dislocation of the 
shoulder This position is not a comfortable one for the patient 

Dr Bennett’s suggestion of a displaced biceps tendon is most inteiesting It is easy to understand how 
such a displacement of the biceps tendon could picvcnt stable reduction of a posteiioi dislocation oft c 
shoulder It happened not to be pi esent in the cases undci oui obsei vation in w Inch the shoulders w tre openc' 
Transfixion of the humeial head by means of wncs placed thiough the spine of the scajiula has pioi^ 
tohca'atisfaetoiy^niethod of maintaining the i educed humci il head in the glenoid Thepioceduie is simp G 
the patient is comfoi table, and no mechanical difficulties aic offered 

There are t\\ o suggestions to i emember in this discussion one is the lateral x-ray in suspected dislocn 
of the shoulder, and the other is the simplicity of transfixion to maintain the reduction 
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Ml-zr \8T VTK' \niONOC' VIU'INOM V OF THE TALUS FBOM 
THIO IH'XTOSIOMOID REGION i 

Ri I’oui ()i \ C'\sr 

in 1 \\ H)II\sOX, TU , M D , UOClirsiMl, MINNESOTV 

/ rllow HI OiHiopiilic Swqcrij, Mayo Foiindalion 

\M) lOSI 1>H M T\M S, M D , UOCIirSTER, MINNESOTA 
Sfclinii nil Orlho)H(li( Siirgirij, hfayo Clinic 

Since tins jnosont'ition is mule piimanlv to lepoit a ease of distant bone metastasis 
fioni eauinoni i of the letlnin, i ( ompiolu nsn e iciien of the literatuie on this subject is 
not eontemplated, hn\\e\oi, some baelv<!;iound mateiial is needed The incidence of metas- 
t ISIS to the skeleton his been viiionslv estimated as tiom 0 5 to 11 1 pei cent of all 
cases of lec tal e iieinom 1 Ma\ o and Seliluki m then leaien of 334 cases of caicmoma of 
the leitnm iiid toloii, found that legional oi distant metastasis had ocemred m 60 5 pei 
cent of the eises, but tint met ist isn to bone had oeeniied m only 1 2 pei cent In an 
aiiahMs of 306 cases of eiieinoma of the lowei pait of the bon el, Bacon noted metastasis 
to the skeleton m fifteen eases (-1 1 pei cent ), m six of these the veitebiae neie involved, 
in tvo the femni, m two the skull, m two the nbs, m two the shouldei gndle, and in one 



Fig 1 


Photomicrograph (X 55) of tissue removed at 
noma, Grade 2 (Broders’ classification), of the rectum (hematoxylin and co m stain) 


the Sternum All the lesions w'eie osteolytic m chaiactei Tuinei and Jaflfe found, at 
necropsy, skeletal metastasis in 11 1 pei cent of 1,303 cases of neoplasm of the large bowel 
Ghormley and Vails found the incidence of metastasis to bone from 0 2 to 0 5 per cent 
of all cases of caicmoma of the gastio-intestinal tiact, with the highest incidence of such 
nietastasis in cases of caicmoma of the lectura” 
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The anatomical pathwaA’'s involved in the spiead of lectal caicmoma aie the classical 
ones, — nanielA^ (1) diiect extension, (2) the lymph vessels, (3) the blood stieam, and (4) 
ti insplantalion thiough the pentoneal caint}'’ Gimnell, in a compiehensive studi' of 
seventA'^-five cases, ablA"^ discussed the lattei tAAO methods of spiead and concluded that 
distal spiead of malignant tuniois of the lectuni is exceedingb'' laie and that pioximal 
spiead IS the lule Mechhng suggested that tunioi emboli, enteimg the thoiacic duct fiom 
the blood stieam, can icsult in bizaiie metastatic lesions Batson has shoA\n, bj’’ Ins in- 
jection expel inients m both cadaveia and monkeA'^s, that the A'-eitebial A'-eins must be con- 
sideied as a paitial, if not complete, explanation of the mannei and loute of tumoi spiead 
In spite of all that has beeli AAiitten on metastatic giovdli of tumoi s, not one of tlio 
thcoiies explains the scaicity^of metastatic lesions beloAv the knees and elboAvs It miglit 
be conjectuied that the nioie pioximal metastatic lesions cause death befoie evidence of 
metastasis to an extiemity is appaieiit With the fact as a basis that metastases to the 
testes and sciotum aie laie and that the tempeiatiiie of the sciotum is 6 degiees Falnenheit 
less than that of the bodA’’ caAutA'-, it has been postulated that secondaiA’’ tumoi giowtlibe- 
loAA the knees and the elboAAS is i aie because of the cleci eased tempeiatuie of the extiemi- 
ties WhatcA'ei the leasoii, lepoits of metastasis to an extiemitA’- m cases of caicmoma of 
the lectum aie exceedingh’' laie Weston leAueAied the hteiatuie and found only si\ 
cases He stated that, in 1S70, Culling had lepoited a case of lectal caicmoma AAith metas- 
tasis to the uppei pait of the ladius, and Pitts, m 1891, Aufses, in 1930, Geschicktcr 
and Copeland, and Haj'^den, in 1936, had all lepoited cases of metastasis to the humeuis, 
in tAAO of aaIucIi spontaneous fiactuies aacic the fiist SA’^mptoms The sixth case discoveied 
b}’’ Weston AAas also of humeial metastasis, lepoited by BiOAAn and Wanen m 1938 



Scplcmbor 1947 Numerous metastatic lesions m the chest, not unlike inflammatorA' lesions 
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CAso ui four 

A will (li'\ I lopt (1, \\('ll-iinuu''lK’(l wliiU iiuin llmtj-scvtii •\eais old, came to tlie Mayo Clinic in March 
hoc lU'-c lie It 1(1 tioh (1 K (1 hlood on (la sni f k ( of Ins stools foi the pieceding seven necks The patient 
It ul no otlioi coinpliiints, md w is li u mg on^ slight oi ( asion il disticss fiom a duodenal ulcei for nhich he 
It id 11 ecu (d tu it nil lit smu' Id 11 Ih lud 11 .1 gi ims of hemoglobin per 100 cubic centimeters of blood, 
iiid llu n d-blood-( ( 11 ( oiiiil w is 1,S10,000 1 lu si diiiuiit itioii late was 18 millimeteis pel houi (Westergien 
method) I’^iin il\ s)s mil tin Is dm lest foi syphilis givi negative lesults Roentgenographic esamination of 
the chest re\i did nothing of sijrnihi iiiii, and loi ntgi noscopic study of the stomach and duodenum aftei 
the ingistioii of biiium w is mtiiputid is mdcteiininalc Pioctoscopic examination was earned out to a 
(h'-tanei of 21 leiitmiitiis, 20 eentiini tiis ihini the anus a movable lesion was noted, involving the pos- 
terior w ill Grossls this w IS di Ignored isaimmomn Matcii d taken for biopsy at this time was diagnosed 
111 the Pithologs 1 iboi itoi\ is idinoi mmonn, Giadt 2, of the rectum 

On M ireh 28, in iiiti rioi u ''cction of d 'i iiiitnnelcis of the lower part of the sigmoid colon and rectum 
w IS iierforiiKil mil in uleiritmg uh iioruimonu. Grade 2, measuiing 4 by 3 by 1 centimeters was found 
(1 ig 1) '1 he growth h id iieiicti ded tin bowi 1 w ill, nivolvnig the sciosa and also the adjacent lymph nodes 
The surgeon lonld fiel no nut is| iiic hsions m tiu livti The postopciative couise was uneventful except 
for one period of transient j unidicc, iiid the ji itu nt left the Hospital on the thiitj -fifth postoperative day 
Tlic patient rduriicd to the Clinic d mtirvals of six months after this operation, and a proctoscopic 
cximination was pcrformid eich tiiiic In Ikcembti 1946, the distal 26 centimeters of the bowel was pio- 
nounced clear Howeicr, in 7 iiiuarj 1947, the patient retuincd with a vague history of increased gurgling 
and activitj in the upper middli portion of thi ibdomen of three months’ duration, and of persistent post- 
prandial x omit mg and imbihtx , for the jiast \\i ek, to pass a stool without the aid of an enema He had lost a 
moderate amount of weight He w is admitti d to the Hospital and a conservative regimen, consisting of the 
adniiiiistration of intraxciious fluids, a soft dii t, ind sedation, was instituted He seemed to progress faiily 
well, but on the tenth d ij in the Hospital bMnptoms of obstruction became prominent and an emergency 
laparotomj was done At ojicratioii, hard nodes were fdt aiound the head of the pancreas and in the peii- 
aortic region, and at the lig uncut of T rcitz tin re w is a mass w Inch w as obstructing the intestine A posteuor 
gaslro-eiitcrostomj w as done Unfortunate !j no spetimeu was lemoved for biopsy, but the surgeon considered 
the lesion metast itic 

Routine rociilgcnogiams of the chest, in Januiry 1947, showed an area of infiltration at the level of 
the second anterior interspace, which was thought io be minimal tubeiculosis A series of sputum examina- 
tions were negative for acid-fast bacilh at this time 



o A Fig 3-B 

Fig 3-A 

c , „ fUo nnAsterior tin of the left talus suggestue of destructnc 

Septembei 1947 Destructive process in the posterior 

arthritis wnth effusion 
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Fig 4 

Photomicrograph (X 55) of specimen removed fiom the left talus sliovs the invasion of tlic 
bone by adenocarcinoma, Giade 2, of the lectum (hematoxylin and eosin stain) 

In July, the patient returned because of inteinuttent pain and swelling of the left leg and ankle of 
about four months’ duiation He had had anoiexia and had been losing weight giaduallj’’ since Januarj 
Roentgenograms of the left ankle failed to leveal an 3 ’- lesion, but those of the chest showed an increase nv 
size and numbei of the lesions first noted in Januaiy Repeated examinations of sputum weie again negative 
for acid-fast bacilli, although the opinion of the vauous consultants favored a diagnosis of metastatic nia 
hgnant lesions rathei than tuberculosis Biopsy^ of mateiial fiom the ankle was considered, but in vie" of 
the fact that some hemoptysis had occuiied in the preceding month, biopsy was deferred, and a course of 
five roentgen treatments w as given to the abdomen and left ankle w ith some i elief of pain 

On his return in September, the patient complained of continued pain and swelling in his left ankle, 
which had become severe enough to prevent his beating weight on the extiemit 3 f He also complained o 
eas 3 ' fatigabilit 3 , lack of appetite, and gradual loss of weight The lesions in the thoiax weie still piogressing 
(Fig 2) and his cough and hemoptysis had become moie seveie Roentgenogi ams of the left ankle revea c 
a destructive process of the posterior superior aspect of the talus, w hich w as sti ongly suggestive of a dcstruc 
tive ai thritis wnth effusion (Figs 3-A and 3-B) The concentration of alkaline phosphatase w as 9 7 and that o 
acid phosphatase was 2 3 King- Armstrong units per 100 cubic centimeters of serum Since it was felt that a 
biopsy examination of the talus would gieatl 3 ^ claiif 3 ’’ the mteipretation of the condition in the thorax, 
even though repeated sputum examinations weie negative for mahgnant cells and acid-fast bacilli, a spc« 
men was removed from the talus The pathologist lepoited adenocai cinoma. Grade 2, with fiank rcc 
tissue present (Fig 4) The patient w as given anothei senes of roentgen treatments to the left ankle A e c 
from his wnfe, in December 1947, indicated that the patient w as in his last illness He died on April 13, 
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BlLVTlOmL ()ST1':()C11()N1)1UTI.S DISSECANS OF THE PATELLA 

in ‘'\MU1 T. KLl INnhllO, M D ^ NhW "iORK, N 1 


0'^k'()^lu)lulIltls (ilssoc ins ()1 one iom( is a f.iuly common lesion It is most fiequently 
found m (ho knoo, Ini( (kcui^ iKo in othoi )oinls, especially the elbow, ankle, and liip A 
bil iloi il lesion of the p if ell i, d(hou/>;h known, is laic The case to be lepoited is the only 
one seen In (he andioi 'Pheie w is no his(oiv of tiauma, and the anatomj'^ of the joints, 
clinic dh loeidgenogi iphn illi , iiid a( opeiation, levealed no abnoimahty oi anomaly 
to wliuh (he pa(liolo}i:Kal hndin”;s (oiild be altiibuted 

M II , \( iis old, w )s s ( ( 11 on rdtiuiiy 1, l')45, because of swelling and occasional pain in tlu 

left kiiu The ]) un il id oicuiiiil inh i initli nth foi siviiil weeks, the swelling had appealed ten months 

prei iou'-l\ , without in\ known int(((d(nt injui\ oi illmss Tins patient was an active boy, indulging in 
iiiun ‘'jinits 

The CMiuiiution on did model iti inlugiinuit of the left knee wnth some excess of S 3 movial fluid 
1 licrc w IS distinct tluckeiung of tlu s\ iio\ i il tKsui m the supiapatellar area, but no local heat Motions of 
thckiiiowcri fric indthin w is no ihnoi m d moluliti Theic was atiophy of the left thigh of one and seven- 
eighths inclus Tlu 1 C w IS un tindeiiu^s to iin ssuu ovii the patella, the aiticular surfaces of the femoial 
coiuhlcs, or tlu inemsii I del d loeidgi nogi inis iFig 1) showed an excavation of the middle two fourths 
of the articul ir surf ip( of tlu jiitilh No Ioom hod\ was vci n, hut the diagnosis of osteochondntis dissecans 
wasfiirh cxiduit 

On Fehru it\ 13, the knee w is exposed ttuougli i nitdiaJ puapatellai incision A laige irregular chon- 
dral hodi lai on tlio inferior ispect of tlu aiticulai siufaee of the fomui, directly behind the patella and 

connected In i slender pedicle to tlie nu di d poition of the posterioi surface of that bone Here the articulat- 
ing cartilage w is ihseiit over in iiei of about oiu squaic inch, having been replaced by friable, soft, con- 
ncctne tissue The rc]ilaccmeiit ti«sue was excised, togethei with the pedicle and loose body The thickened 
and congested s^noiial mcnihi me m tlu sujii vpatcHar pouch was also excised The excavated area was 
curetted 

The p ithologist’fc diagnosis w is climulntis fosti orhondntis) dissecans of the patella 

In June 1945, while the left knee w is still undi r tieatmcnt, the patient complained of discomfort m the 
Tight knee The chnicaJ findings ind i i oentgcnographic study (Pig 2), made cn June 20, were negative A 
chook-up examination on Septemhci 19 w as ilso negative, but the bo}’’ stated that after sitting for a long 
while and getting uji he had had momentai\ discomfoit on the medial side of the knee The foUowang night 
he was awakened pain and found tliit his knee had locked Examination a few hours later revealed a 
palpable loose bod^ in the suiiia]iatellai ait a, medial to the patella The patient stated that he had felt the 
loose bod 3 '' several times previouslv, hut had not mentioned it 



Fig 1 


Fig 2 


X' Itjr X 

Pig 1 Lateial view of left knee show s an excavation of the middle tw o fourths of tlie articular surface 

° patella ,<= nnoarenth negative and was di ignosed as such origmalK , hut 

- a slight mdeiitation on the middle of the art.eul ir surface of the p itell , 
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On September 24, a large, loose, seemingly osteochondral body was lemoved from the quadriceps pouch 
On the lateral portion of the articular surface of the patella was found a crater, from ivhich the loose bodi 
had evidently ongmated There vas no other evidence of chondiomalacia m the patella or the femur The 
edges of the crater were beveled and its base was made smooth by curettage 

The pathologist’s report stated that sections showed the loose body to be essentially cartilaginous The 
diagnosis vas osteochondiitis (chondritis) dissecans 

The patient was dischaiged as well on April 19, 1946 


A MODIFIED PLASTER-OF-PARIS SPICA JACIOET 

BY BOYAN HADJISTAMOPF, M D , SOFI4, BULGARIA 
From ihe Surgical Clinic, Sofia University, Sofia 

The piaster -of-Pai IS spica jacket developed by the authoi is constructed of several 
piaster slabs The first encircles the iliac crests and the second surrounds the thorax near 
the axillae, each slab being reinforced by several encircling turns Two vertical slabs go 
ox'^ei the shoulders, at each place of crossing thej'' are fastened to the upper horizontal slab 
bjr means of tvo gauze strips, piexaouslj'- mseited under the horizontal slab The vertical 
slabs are also attached to the horizontal slabs by means of several encirchng turns Then 
the axilla is molded with a small slab (40 centimeters m size) A plaster jacket provided 
with openmgs is thus formed, which supports the upper extiemit}'^ The sixth and last slab 
IS placed along the length of the entire upper extremity The fifth and sixth slabs are sup 
ported bj"- encirchng turns ox'^er the shoulder and around the limb The plaster “slab" 
spica jacket is completed bj'’ the placing of the supporting stick between the anterior 
superior spme and the forearm, near the wrist joint (Figs 1 and 2) 



Fig 1 Fig 2 

“Slab” jacket applied to patient who had been operated upon for habitual dislocation of the shou 
jomt 


The technique described makes the plaster -of-Pai is spica jacket light and cheap 
more than twelve plaster bandages, 8 to 10 centimeters wude, and a comparative 3 sin^ 
quantity of cotton, are used With the aid of trained assistants and wuth prevnous y 
pared plaster slabs (rolled like a bandage), the plaster -of-Paris spica jacket can 
in ten 01 fifteen minutes The bod}'' is w^ell x'^entilated and can be partially cleane 
ing IS unrestricted 
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MBKOUR DYSPLASIA 

Hi pout of V Cask 

’■ »■■«' vo«K. K.™, M . , ,v™ 

^ NDKIA\ t IlUOFt, nr, M D , ORANGE, NEW JERSEY 
/ row Ihr iYcw Jrrsn, (hlhopacchc Hospital, Orange 

- .tL: 

A picopeialn o di rgiiosis ol oma \\ as made m this case and in Jaffe’s case because 
0 le raind dc\ clopmont of f ho losl()n^ In (su h, extensive pathological study of the lesions 
n iich had been icmmcd ,n Mo failoil to leieal any evidence of malignancy, the changes 
iig ascribed by the pathologist to massuc hemonhage In the case deseiibed here, this 
complication might liaie been suspected because, in tvo pievious opeiations on the pa- 
control l^Ioedmg was cncoiinteied wdiich ivas extremely difficult to 


CASE REPORT 


C S, 


fpmnr ) I T ^ fracture of the right 

lemur which had occuircd two j cars before and which had failed to unite The roentgenogiams showed gen- 
eralized osteoporosis and distention of the entire right shaft, characteristic of fibrous dj^splasia, and an un- 
unitcd transverse fracture at the junction of the upper and middle thirds Roentgenographic changes of a 
similar nature were seen in the upper third of the shaft of the left femur, and changes characteristic of an 
early stage were present in tlic riglit tibia (Fig 1) as well as in the left tibia 

On June 4, 1937, an open reduction of the fracture of the right femur was performed It was noted that 
he bone was unusuallj vascular Fibrous tissue was removed from the site of fracture, and bone grafts were 
P aced Lateral bowing was con acted manuilb and a hip spica was applied On microscopic examination of 
he specimen, fibrous tissue containing numerous small blood vessels and occasional bone trabeculae was 
seen, and the diagnosis of fibrous dysplasia, w as made On September 22, 1937, there w as bony umon clmicall v 
and b 5 ^ roentgenogram The spica w as remo\ ed Refracturc occurred thirty-eight days later, w hen the patient 
ell at home He w as again immobilized in a spica for three and one-half months, at the end of w hich time 
roentgenograms showed a moderate amount of callus One month later, on March 13, 1938, he agam frac- 
tured this bone while bung in bed At a second operation, March 1938, the cortex was found to bo quite thin 
and broken through The medullary cavity was filled with fibrous tissue which was extremely vascular and 
hied profusely wherever distuibed This was tlioioughb'- cuietted for some distance and packed with iliai 
grafts After four and one-half months, the fiacture was clinically solid, although the roentgenograms showed 
little callus 

The patient returned January 3, 1939, complaining of pain in the region of the right tibia (Fig 2) , he 
had fallen while walking wath crutches, thice days before On phjsical examination there was found to be 
tenderness over the tibia antenorlj , at the junction of the upper and middle thirds Roentgenographicalb , 
there was no evidence of fiactuie, but considoiablj moie of the bone was invohed m the djsplastic process 
and there was localized laiefaction in the tendei aica 

On his return, March 27, the mother stated that bowang of the nght leg had been noted two weeks 
before The roentgenogiam taken at that time showed an incomplete fracture line at the junction of the 
'ipper and middle thirds There was lateial and antenoi bowang The entire shaft showed invohcment m the 
pathological pioccss A hip spica was applied Aftei seven months, the patient became ambulator 3 , with a 
brace supporting his light leg 

Between January 3, 1939, and October 3, 1944, the patient suffered successive pathological fractures of 
Bic light ulna, both bones of the light foic iiiii, right femur, nght humerus at the lower third, nght humerus 


VOL 31 A 


NO 


JS7 


1 JANUARY 1919 



188 


P T SCHLESINGER, S KEATS, AND A C RUOFP 



Fig 1 Fig 2 Fig 3 


Fig 1 Right leg, May 18, 1937 There is involvement of the middle tv, o quarters of the tibia intli 
slight distention and some areas of rarefaction 

Fig 2 Right leg, January 3, 1939 Shoinng involvement of upper tno thirds of the shaft of the tibia 
mth distention and thinmng of the cortex and rarefaction Some irregular sclerosis can be seen in the 
upper portion Shght anterior bowing is present in the lateral view' 

Fig 3 Right leg, July 23, 1942 Showing healed pathological fractuie with the plate and screws in 
situ 


at the middle third, and two fiactures of the left femur Roentgenogi ams of these bones show'ed extensnc 
changes characteiistic of fibrous d 3 'splasia 

On April 26, 1942, w hile not w earing his brace, the patient fell and fractui ed his nght tibia Tins fracture 
w as plated, and a toe-to-groin cast applied Three months later, the fracture of the tibia appeared solidl' 
umted, both clinically and by roentgenogram (Fig 3) 

The case w as review ed at this point (Fig 4) Because of his manj' fractures and the extent of the disca'c, 
biops}' w as performed on October 27, 1944, to obtain matenal for further pathological study On reflection of 
the periosteum, verj active bone bleeding commenced which was controlled by bone wax A cube of bone, 
1 3 centimeters square, w as removed at the junction of the upper and middle thirds of the right tibia Massne 
hemorrhage w as encountered, w hich w as conti oiled only by prolonged direct pi essure after implantation of a 
piece of muscle The w ound healed w ell with no e\ndence of hematoma Microscopic examination of thf 
biops 3 ' tissue show ed evidence that cartilage w as replacing much of the osseous tissue Betw een the bone 
trabeculae w ere man 3 ' large areas of fibrous tissue w hich appeared mature histologicalh , and the diagnosis o 


fibrous d 3 'spfasia w as again made 

The patient next returned on October 15, 1946, wnth a histoi 3 ’- of spontaneous swelling over the ng' 
shin of three w eeks’ duration This area had become quite prominent and very tender He had noticed tna 
the bone seemed to drop aw a 3 from the skin at this point He complained of w eakness and anorexia ExamiM 
tion of the nght leg show ed a prominent diffuse sw elling over the anterior aspect of the middle third of 
right tibia There w as no redness, but increased heat as w ell as a considerable amount of diffuse tendernc 
The mass was fairU film but not hard at an 3 point, and a sensation of crackling could be felt There wa- 
defimteh abnormal mobdit 3 No discoloiation was piesent The patient complained of much pain on niot'O" 
of the leg Roentgenogi aphicalh', m the nud-portion of the tibia, there appeared to be complete dissolu > 
of the osseous elements foi a distance of 7 centimeters, the normal bon 3 ' outlme being replaced bv 
large C 3 ’stic areas There was extreme atrophy of the fibula, onl 3 ' a string-like lemnant remaining 
The prox-unal third of the tibia showed an irregular elevation of the penosteum The bone appeared as 
hrly mottled osseous matenal, with no trabcculation and no discernible cortex or medulla It was o 
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llu( s vuoin \(oiis (li'gi'iK'i it ion 1\ id t ilvi n jil hl and on ( )< loliti IS, a supiacondylai amputation of the light 
thigh \\ IS poifonned Di spite (oiiskUi dik hcnioiiiiigi tiom the end of the femur and soft tissues, healing 
was nne\( ntfiil 

Miriost o])ii I \ iiinn it ion of tissue t ikeii fiom si vi lal p ii ts of the amputated specimen failed to reveal 
L\ideii((' of III ilignani \ 'Pin muiosiopii pntuie iivi lUd not only the ehai aetcristic findings of fibrous 
ilvspl isi i- 1 11 gi 11 e is of 111 it 111 o fihi (HIS t issiii mil ispi iM d \\ ith hone tiahceulae, islands of calcified cartilage, 
iml t ndothehal-hiu d spins Imt also oMdiiin of fiiiK uemt missive hemoiihage and degeneiation of 
tissue 

Till folloiiing i’\(( ipis IK fioin flu di si uptiou ol tlii gioss specimi n of the tibia (Fig 6) by Henry I 
JafTe 

“Ihotibiiw isi\posidb\ dissi i tnig tin sofi jiuis u\ lyfioinit In the middle thud of the tibia, on the 
medi il sidi , i met il jil ite was found, itt ulii d to the bone bj foui screws, this plate having been inserted at 
the tune of treitment of tin iiithologii fi ntuii Tin plite was lemoved in the course of the dissection 
There was cnmiileti niiion of the fi utun at tin siti of tin plate The fibula w as thin and i ather tortuous, and 
was scpaKitcd iwa\ fiom flu tibii T he miisi h s of tin leg wcie extiemelj' atrophic The vessels showed 
nothing remark ible Spi < ifii ilh , tin \ win i \ iininid foi Imlbous evpansioas as evidence of neurofibromato- 
sis, but there w is no sign of this iiuwluii 

“The (lilt i w IS ( ti( in (lie sagitt d pJ tti< I li< tut •'UiLict shoiied that the expanded Had area was the 
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Fig 6 

Sagittal section of the light tibia Cyst formation and hemoirhage aie seen in the expanded flail area 
No bone can be seen in the interior in this region The remainder of the shaft consists of pathological 
tissue, shomng compact trabeculae, fibro-osseous tissue, and islands of hyaline cartilage 


site of cystification and hemoirhage and that in this area all bone substance nas lacking m the intenor, tli 
continuity of the upper and Ion er fragments of the tibia being maintained bj' the penosteum and, in place 
by a shell of subperiosteal nen bone The cystified area of dehiscence in the tibia measured about 7 cent 
meters in length, and its Ion er end began at the level of the uppermost scren , n hich held the plate again! 
the medial smface of the tibia 

“The cut surface also shons that the inteiioi of the tibia, above the dehiscence, is completelj’^ obhterate 
except for about 1 5 centimeters below the upper epiphj^sial plate The tissue filling the marron cavit} 
quite osseous and is composed apparently of closely compacted trabeculae of nen bone Within the substant 
of this nen bone there are some small islands of hyaline cai tilage and a larger focus of hj^aline cartilage 
present at the upper margin of the obliterating osseous tissue and consideiably more cartilage at its Ion ( 
extent The lattei cartilage forms the upper border of the hemorrhagic cj^stic cavity Belon the debiscenci 
the marrow cainty is obliterated for 5 centimeters by compacted trabeculae of osseous tissue n hose fibn 
osseous nature is more evident in the immediate vicimty of the cyst The Ion ei half of the tibia also shon 
bej ond the large obliterating tissue mass, a fen smaller scattered areas of osseous tissue, the Ion est of n hic 
reaches to the Ion er plate 

“In the sagittal cut surface, the loner epiphysis shons atrophy of the spongiosa but no evidences^! 
fibrous dj splasia However, the upper epiphysis shon s a few scattered islands of fibro-osseous tissue m 
central region The epiphysial cartilage plates of the tibia in the plane of the section are not partic ai 
remarkable, though, abutting on the metaphysial side of the upper plate, theie is a small island of car ag 
The cortex of the tibia is thin everywhere, and nhatever undiseased spongy bone is present is extrc 
atrophic ” 

Laboratory Ftndmgs 

Except for a somenhat elevated phosphatase level on one occasion, the laboratory tests have^bw 
mthin normal limits These have included blood counts, bleeding, clottmg and prothrombin time, 
calcium, phosphorus, cholesterol, chloride, and erythrocyte sedimentation rate Urmalj^sis and bloo 
sermann reaction v ere negative 

It should be mentioned that this patient has shown none of the extraskeletal mani 
festations of Albright’s disease The onset of puberty was normal ISTo pigment spots 
been found m the skm 

Jaffe, m 19-16, discussed a case with development of symptoms similar to those 
case The patient presented a tumoi, the size of a football, m a fibrodj^splastic n 
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111) by Ia’o AI n(’i, 'ukI -i dni^ioMs m.is made of saicomatous degeneiation of 

afil)iod\'-i)Ias(K’i('sioii The ]).dlu)lonK d findings Mciesimilai to the findings m this case — 
dial is, llu'ie was no ex identc' of malign intx , Ui<' swelling w^as due to massive hemoiihage 
II would s('eni, on the h \sis ol tlu'sc' iwo t.iscs, that the clinical pictuic of fibious 
(hsphsia should be bioulened to iiielude (ho complication desciibed heie This com- 
piica(ion mu be suspeeled in i jiafieid with fibious dysplasia, wdio piesents a lapidly 
expanding bone tumoi 


III l LIU NCI s 

luiiiiGirr, I'UMiu, Hinn a, V AI , A () , uici Smith, Patricia Syndrome Charactenzed by 

I'lliiosi Di'-Mimndi \u >s of Pigmentation ind Endociine Dj ‘sfunction, inth Precocious 
Pulxrtx in !• (Mil ills Knioit of lovi. C iscs N(,\\ England 1 Alcd , 216 727-746, 1937 
Faicomii, AI \ , Coti , C L ind Hoiin-SMnn, A U T Fibious Dysplasia of Bone inth Endocime Dis- 
ordii-s md Cut nil oils Pigmi n( it ion (Albright’s Disc isc) Quait J Med, 11 121-154,1942 
Jxni,n I Inliroiis Dxsplisii of Pone Bull NcwAorkAcad Med , 22 588-604,1946 
Licim ssTi IN, Boi is, uul I m 1 1 , II T, Fibious Dysplasia of Bone A Condition Affecting One, Several or 
AIan\ Bones, the Grixtr C isis of Whuli niaj Present Abnoimal Pigmentation of Skin, Piemature 
Sexual Dcielopment, IIx [iiiflu roulisin oi Still Othei E\traskoIotal Abnormalities Aich Pathol, 33 
777-816, 1912 


A TYPE OF EXTENSION APPARATUS‘S 

BY A VON PCTZ, M D , GXOR, HUNGARY 
From (he Surgical Division of (he Holy Trintiy Hospital, Gy or 

Tlic appaiatus dcsciibcd lieic has two advantages Fiist, it can be easily mounted on 
any opeiating table, and, second, its extcnsoi action coiiesponds acemately to thi i\is 
of the inxmlved limb 

Since A'Iathi]sen mtioduccd the plastei-of-Paiis bandage in the lattci halt ot the 
nineteenth centuij’’, niimeious extension devices liaxm been developed to laiihtate the 
application of plastei immobilization diessmgs When examined caielullv, it is found 
that almost all fad to excit a pull in the tiue axis of the hmb, because they do not take 
into account the anatomy of the locomotoi appaiatus and the difftiences caused by 
age and sex The only staking exceptions aie the large oithopaedic tables of Albee, 
Compeie, and Rogei Andeison It xvould be xx^ell foi those xvho dexase extension apparatus 
to accept the advice given by Hippociates to his son, Thessalus “Study geometiy and 
arithmetic, if you xvould gain a bettei knoxx ledge of the bones” 

As IS xvell knoxvn, the femora are not parallel to one another, they, togethei with 
the tibiae, foim a tiiangle xvhose base is the xvidth of the pelvis The xvidth of the base is 
fnither increased by the outxvard inclination of the femoial neck In xvomen, the base 
of the tiiangle is bioadei tlian in men Since almost all extension dexnces aie attached to 
the peiineal bai, it is obvious that the pull is duected, not m the axis of the femur, but at 
an angle, and that, if the femur has been fractuied, the effect of such a pull is to cieate 
a x^algus deviation of the distal fiagment Tiue axial extension must, of couise, haxm i s 

* Translated from the German by Leo A4ayer, AI D , New York City 
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fixed point so placed as to coiiespond to the tip of the gieatei tiochantei, which lepiesent' 
the iippei continuation of the diaph3'-sis of the femui 



Fig 1 

Photograph of the extension apparatus, mounted on an operating table 
A Extension bars wnth adjustable foot plates 

B The crossbar, which can be adjusted to coriespond to the intertrochanteric measurement of 
the patient To it is attached a padded perineal bai and a horseshoe-shaped pelvic rest 
C Adjustable thoracic and head supports 

X attachment of the apparatus to the table bj’^ means of lateral arms, these fit into the clamps 
which hold the leg suppoits emplo3md for the lithotomj' position 



Fig 2 

Shows the method of using the suspension frames to prevent sagging of the limbs dunng the 
application of plaster-of-Pans spica 
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The ippiii.ilus dcsciibccl licic uicets these nnatonucal and geometrical requirements 
bv IiTMiig the c\l elision apjiaiatus suspended from a broad crossbar, as wide as the 
aieiiige ojicialing table, so coiistiuctcd as to permit accurate adjustment of the mecham- 
cal RMS of extension to the anatomical axis The distance between the two trochanters 
of the patient can be measured, and the extension bars can be placed accordmgly The 
apparatus can be attached bilateiall}^ to any examming or operatmg table by means of 
strong clamps (Figs 1 and 2) tVhen not m use, it can be kept m a wooden case The 
saMiig of expense and space is obvious 

The essential paits of the appaiatus arc the following 

1 Two rcmoi able extension bars with adjustable alummum foot plates 

2 The crossbai, provided with a scicw device nhich permits adjustment of the 
extension bars To the crossbar is attached a hoiseshoe-shaped pelvic support and a 
penneal bai On each side it ends m a curved aim, by means of which it can be fastened 
to the table 

3 An adjustable thoracic support and a head piece, both padded with felt, mounted 
on a light frame 

4 Tm 0 light icmoi'ablc suspension fiames, attached to the extension bars to prevent 
sagging of the limb 

The extension bars aio constiucted on the same pimciple as that employed m the 
author’s apparatus for the treatment of tibial fractures^ They consist of two pairs of 
parallel 12-milhmeter lound steel bars, held b}-- two cross-ferrules Between the bars is 
a screv , controlled by a key llTien this is turned toward the left, the bars are made to 
separate, m this vaj’’, adequate extension can be secured The position of the foot plates 
can be adjusted for the mchvidual patient The plates can also be rotated, or turned into 
a position permittmg plantai flexion IVhen plaster is applied, the flat bar supportmg 
the foot plate should not be covered with plaster After the plaster has set, the wing screw 
holding the plate is loosened, and the plate is withdraivn, this loosens the plate support 
When this has been removed, a depression is seen m the sole of the plaster, which can be 
closed iwth a feu turns of bandage The foot plate should be oiled before the plaster is 
apphed, to facilitate its withdrawal Instead of the plate, a hook may be used, to which 
a Stemmann nail through the calcaneus may be attached 

The crossbar can be attached to the operating table by substitutmg its side arms 
for the usual leg supports employed for the hthotomy position The crossbar consists of 
two parallel 14-millimeter round bars, held secuiely by three transverse ferrules, one m 
the middle and one on each side In addition there are two movable ferrules, controlled 
by a screw device similar to that used for extension To these movable ferrules are at- 
tached the extension bars, the position of the bars can be adjusted so as to give true axial 
extension To the middle ferrule is fastened the padded permeal bar and the pelvic rest 
The thoracic support is given more stabihty by an elhptical base which rests on the 
table The head support can be raised or lowered, and,, hke the thoracic support, can be 
shifted cephalad or caudad The frame on which the supports rest is attached to the cross- 
bar by a removable bolt j x i 

The suspension frames can be shrfted so as to give the limbs adequate support by 
means of loops of bandage (Fig 3) Axial deviations of the fractured femur can also be 
corrected by tb,s means After the apphoabon of plaster the loops are easdy cut away 
When the apparatus is used, whether for the apphcation of plaster or for open opera- 
tion, It IS advisable to cover the frame with towels so as to prevent soding, particularly 
of the screw devices 

1 V, X 1 ^ -icoTanawat iind em neues Schienungsverfahren fur Unterschen- 

1 VON Petz, a Em neuer Ddstraktionsapparat una em 

kelbrQche Chirurg, 5 252-259, 1933 
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AMPUTATION FOR TUBERCULOSIS OF JOINTS 
A Study of the Therapeutic and Prognostic Value * 

BY DAVID M BOSWORTH, M D , NEW YORK, N Y , 

AND WALTER P GRAUL, M D , PHILADELPHIA, PENNSYLVANIA 


From the Orthopaedic Service, Sea View Hospital, Staten Island, New York 


This study v as undertaken to determine the results from the removal by amputation 
of a massive focus of tuberculous infection m a major jomt The chnical impression at Ser 
View Hospital has been that amputation offers many patients a longei life expectancy 
and that the chnical course improves after such an operation Howevei, many factors must 
be considered m an analysis of the results of amputation, the authors have attempted tc 
study these factors 

A survey of the hterature has revealed a marked sparsity of information on this sub 
ject Girdlestone ^ has discussed this phase of treatment for tuberculosis of bone and 
jomts m a more satisfactory manner than have others He analyzed nme cases and was 
satisfied that the results were good in almost all of them In fact, Girdlestone raised the 
same question which this work aimed to mvestigate, when he stated “Is it probable that 
the local lesion is alone responsible for a man’s fihiess and that rehef from toxic absorption 
will enable the man to recover from any other lesion he may have^ Or, on the other hand, 
IS the local lesion only active because of the man’s general illness, and mil any 'operation 
be futile or definitely harmfuU” 

The general indications foi amputation at Sea View Hospital durmg the past ten 
years have been 

1 To remove an extensive focus of infection m the hope of saving the life of a patient, 
apparently’’ doomed, 

2 To remove a focus of infection in a jomt destroyed so extensively that it ■would 
be impossible to save or fuse the jomt, 

3 To remove a focus of mtractable pam, 

4 To remove a deformed hand or foot ’wuth multiple diaining smuses and no func 
tional value 

All of these mdications for amputation may exist m the same patient, or they niai 
exist m any combmation 

This study mcludes aU patients ’with tuberculosis of major jomts who had amputa 
tions at Sea View Hospital fiom 1937 through 1946 f The only patients excluded were 
those w’lth amputations of digits, on the basis that such jomts do not constitute as exten 
sive a focus of tuberculous infection as do the larger umts, and, therefore, the menace to 
the life of the patient is a relatively mmor factor 

A total of thirty-five amputations on thuty-four patients weie peiformed during t o 
ten-year period (Table I) Seven of these thirty-four patients are still m the Hospital un er 
treatment and are excluded from aU analyses, except those deahng -with the location ot 


lesion requirmg amputation 

Of the twenty-seven cases re’viewed, death occurred m seventeen patients or bo 
cent , the survivors numbered ten or 37 per cent The high mcidence of fatahties in 
senes may be explamed by the fact that many of the patients were extremely lU on acl 
Sion, and died shortly after admission The authors’ impression is that removal of a 
secondary focus by amputation has no beneficial effect on the general progress of an as- 


* Read before the Orthopaedic Section, New York Academy of Medicme, April 16, 1948 
■f Streptomycin was not available durmg this period 
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TABLE I 

Bi bUiTs 01 Amputaiion in TnmTT-roxjR Patients with Tuberculosis of Joints * 


1 

No of 
Cases 

Sex 

Race 

Age 

Range 

(Years) 

Aver- 

age 

Age 

Duration of Joint Lesion 

Average Minimum Maxmium 
(Years) (Months) (Years) 

Males Females 

tnute Negro 

Deaths 

Summls 

17 (C3%) 
10 (37%) 

10(09%) 1(25%) 
7(31%) 3(75%) 

8(57%) 9(09%) 
0(43%) 4(31%) 

17-69 

20-62 

42 

40 

3 9 5J4 

2 6 2J4 


* Seven pitients (si\ imles, one femilo) still in Hospital 


ciated massne pulmonaij lesion Such sevcie pulmonary lesions nere mvaiiably the 
cause of death among these patients In one case, the pulmonaiy lesion was responsible foi 
death onlj’- tiio neelcs aftoi amputation, the operation bemg performed to relieve the 
patient of se\ cic intiactable pain m the involved jomt In over one-half of the cases, death 
occurred ■watliin tliiee months 

There is a significant difference in the number of male patients havmg amputation, as 
compared vath females Tlicie vere twenty-nme males but only five females, — a ratio of 
about si\ to one The reason for this is not clear There are twice as many orthopaedic 
beds in the Hospital for males as for females The supposition is that the males m this lov - 
income group are more active m the struggle for economic survival than the females, the 
male is usually the sole support of the family and continues to use his tuberculous ]omt 
long after the initial, non-disabhng sjauptoms have appeared, whereas the female is sooner 
pernutted to resort to bed rest, and thus gives the jomt a measuie of early protection 
A further comparison reveals that 09 per cent of the cases m males terminated in 
death, but only 25 per cent of the cases m females Of the total deaths, 94 per cent were 
in males, but only 6 pei cent weie in females 

No significant pattern of racial distribution could be found, as there was an almost 
equal distribution betv een v hite and negro patients 

The age mcidence reveals that children were completely exempt from the necessity foi 
amputation It is, of course, a universal experience that one is able to control jomt lesions 
m children by fusion or cast immobilization far more effectively than m adults The 
youngest patient m this senes was seventeen years of age, the oldest was sixty-nme There 
ivas no sigmficant difference in the ages of those who died, as compared with those who 
survived 

A study of the duration of the ]omt lesion pnor to amputation shows that, in those 
^ho survived, the lesions had been present for a shorter penod of time than m those pa- 
tients who died (Table I) These, of course, are average figures and could be misleadmg, 
but they do show a strong tendency for those with a relatively early lesion to have a better 
chance for sunuval The average duration of the jomt lesion in those who survived amputa- 


TABLE II 

Location of Lesions Requiring Amputation 


1 

Knee 

(No) (Percent) 

Foot and Ankle 
(No ) (Per cent ) 

Wnst 

(No ) (Per cent ) 

Elbow 

(No ) (Per cent ) 

Deaths 

Survivals 

Patients still in 
Hospital 

j 

9 ' 52 

4 24 

4 24 

6 55 

3 27 

2 18 

2 40 

2 40 

1 20 

1 50 

1 50 

0 0 
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TABLE III 

MtriiTiPLE Eoci OF Infection 



Location of Other Skeletal Lesions 


Sacro- Clavi- 

e Ihac AnMe Sternum cle Fmger 


Patients with 
Multiple 
Skeletal Lesions 


Patients with 
Single 

Skeletal Lesions 


Deaths 324101 7 10 

Survivals 100010 2 8 


tion was two yeais, whereas the average duration m those patients who died was three 


years 

The location of the lesion ivhich required amputation bears out the well-known fact 
that the weight-bearmg jomts are more often and more severely involved than the non- 
weight-bearmg ]omts Thus, 80 per cent of all the lesions were m weight-bearmg joints, 
such as the knee, ankle, and foot (Table II) 

The most conclusive finding m this entire study wms the close relationship between the 
extent of the pulmonary lesion and the eventual outcome At Sea View Hospital, the 
Gaffky scale is used routmely to mdicate the approximate activity of the pulmonary lesion, 
accordmg to the number of bacilh per imcroscopic field By the use of this scale as a basis 
of comparison, the sputum was found to be a remarkably accurate mdication of the future 
death or survival of the patient The patients who died wmre found almost mvanably to 
have had positive sputa, and usually their sputa had been in the higher range of the 
Gaffky scale, the average bemg Gaffky VII, mdicatmg very active and extensive pul- 
monary mvolvement Thus, of the seventeen patients who died, thirteen or 76 per cent 
were Gaffky positive, while only four or 24 per cent were Gaffky negative The findings in 
those patients who were discharged with arrested lesions were m marked contrast Onb 
one of ten had a positive sputum The count m even this one patient was somewhat doubt- 
ful, as the bacilh were found only once m many determmations covermg a long penod 
None of the other 90 per cent , at any time durmg the hospital stay, had a positive sputum 

As might be expected, the number of foci m the body had a most important bearmg 
on the end result Thus, every one of the patients who died was found to have at least one 
other focus besides that existmg at the site of amputation Thirty-five per cent bad a 
double focus, consistmg of the osseous lesion plus a pulmonary focus, 30 per cent had 
triple foci, 30 per cent had four foci, and 5 per cent had five or more foci In marked con- 
trast to this, those patients who survived almost never had more than a double focus, 
and these secondary foci were of a mmor character, such as superficial skm lesions a^d 


epididymis lesions (Table III) 

An attempt was made to study the immediate postoperative improvement following 
amputation This was difficult, because such an observation would necessarily be base 
upon the subjective impressions of a constantly changmg house staff Therefore, the tem 
perature curves of all these patients before and after amputation were analyzed It 
found, m those patients who died, that the temperature curves before and after operation 
showed no significant change This could be expected, smce each of these patients bad, 
addition to the joint infection, an active, extensive, pulmonary lesion Those patients w ^ 
survived, however, had no pulmonary lesion, and when the focus of infection m the jo 
had been removed by amputation, there was immediate improvement and the temper^ 

ture returned to normal and stayed there 

This survey has shown that another mdication for amputation may be added to 
already given,— namely, amputation as a measure of economy for the patient, a 
saving of his time and money That this is worthy of consideration may be seen 
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study of the intcival between the tune of amputation and the time of dischaige fiom the 
Hosjntal In most of the patients this jiciiod of hospital stay was extremely short (as little 
as eighteen daj s after amputation) , most of the patients left the Hospital withm three and 
one-half months In the ticatment of such patients, fusion cannot be attempted for many 
months, or even j'^cars The mental w’ell-bemg of the patient is of the utmost importance, 
and when he knows that he is iid of his lesion, that theie is no chance of a flare-up (at 
least in that lesion), and that his letuin to society is piobably a permanent one, his morale 
IS greatly improved 

In spite of the fact that many ot these patients aie doomed, by reason of far-advanced, 
bilateral pulmonary disease, the diamatic lelief fiom severe pam m the bone lesion makes 
the operation woith while Patients aie ver 3 ’- giateful for this 

The amputation sites weic still diainmg m foui of the patients who died One of the 
surviiors required resection of a sinus tiact in the stump, ten months after amputation, 
when last seen, five 3 '^oais latei, he w'as in excellent condition The sites of drainage were 
not found to be peisistent tubeiculous foci, although repeated bacteriological exammations 
were done There ivas onlj’^ one case of phantom limb, and this sensation disappeared 
wathin two months 

This studj’’ did not attempt to deteimine what effect extensive lung resection might 
have on the ei entual outcome of those patients wath active chest lesions However, it has 
become increasinglj'' apparent that the thoiacic and oithopaedic surgeons must woik in 
close cooperation The thoracic suigeon is unwullmg to operate, unless the patient can be 
ambulatory the day after opeiation Thus, the orthopaedic surgeon must provide him 
with an ambulator}’’ patient as soon as practicable If there is too long a delay, the pul- 
monary lesion mav become inoperable In large tuberculosis centers, this cooperation has 
proved of the utmost importance to the patient's welfare 

CONCLUSIONS 

1 Amputation foi extensive tubeiculous mfection of a joint can offei little hope of 
helping to save the life of a patient if he has an active pulmonary lesion 

2 The classical indications foi amputation in tuberculosis lemam unmodified 

3 Males lequiie amputation foi tubeiculosis more often than do females 

4 The best chance foi suivival exists w'hen the amputation is perfoimed relatively 
early 

5 Amputation of a tubeiculous, secondarily infected lesion of a majoi joint in an 
otheiwise healthy patient allows an early dismissal fiom the hospital 

1 Gikdlestone, G R Tuberculosis of Bone and Joint London, Oxford University Press, 1940 
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A SIMPLE AND EFFECTIVE SPLINT FOR USE IN THE TREATMENT OF 

CLAWING OF THE TOES 

BY ILLIAII J WILSON, M D , WILMINGTON, NOBTH CAROLINA 


All of US have observed clawing of the toes in patients with low coid lesions and 
injuries of the lumbai spme These patients usually present some degree of pes cavus as 
weU, but the main complamt is difficulty m obtaining properly fittmg shoes, as well as 
corn formation ovei the mterphalangeal jomts The author has tried many different de- 
vices, such as beach sandals with straps, to flatten out the toes, but nearly always abra- 
sions of the skm occurred that were slow m heahng This tendency to slow heahng m such 
cases also contra-mdicates tenotomies or other suigical procedures 



Fig 1 

Illustrates how the splint is cut from a rubber glove The palmar, ulnar, dorsal, and radial views, 
respectively, are shown 



Fig 2 

Medial, dorsal, and lateral views of foot with splint applied 


A Simple, efficient, and mexpensive device is presented that has proved to be of giea 
value Not only do the toes straighten, but the patient’s w^alking is improved In one case 
m which a tumor of the cauda equma was removed, it has been necessary for the patient to 
wear the dewce onlj’- about half the time to mamtam correction In no case has necro; = 


of 


the sVm or othei comphcation occurred ^ 

The sphnt is made from household rubber gloves, wffiich are easily obtamable iro 


SUBGEB^ 
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gioccij 01 clopnitmcut, stoics Siiigical gloves aie too thin, and they tend to roll into a 
cold and cause consliiction This does not occui with the heavier household pioduct 
Figure 1 s ions how tlic splint is cut fiom the glove Figuie 2 illustrates the splmt in use 
The fact that the glo\ c has only four fingeis to fit ovei five toes has not yet offeied a prob- 
lem In one case the band fiom the fouith fingei accommodated both the fouith and fifth 
toes, but usually when the fiist foui toes aie pulled doivn, the extensor of the fifth toe is 
sufficienflj" lelaxcd 

The splint olTcis the advantages that it can be worn comfortably under the hose m 
a con\entional shoe, and it is not conspicuous 


DEPVRTMENTtL TEACHING OF FR..CTURES IN THE MEDICAL SCHOOLS 

OF THE UNITED STATES* 

B\ Herman F Johnson, M D , Oalaha, Nebraska, 

AND SiDNEA L Stovall, M D , San Antonio, Tekas 


Within the past decade the management of fractures has gamed reijogmtion as a defimte phase in the 
curnculum of the undergraduate students m medical schools throughout the Umted States The demand for 
doctors who are adequately trained in the complexities of fracture care has been greatly enhanced by the 
mcreasmg number of traflic and industrial accidents, as well as by World War II Thus, the study of fracture 
management is rapidly assuming an importance equal to that of general surgery and medicine 

At the meeting of The American Academy of Orthopaedic Surgeons m Chicago, in January 1947, it was 
suggested by several members of the Committee on Fractures and Traumatic Surgery, then headed by Presi- 
dent-Elect blather Cle\ eland, that a survey be undertaken of the teaching methods employed in the medical 
schools of the Umted States, mth regard tb fractures and dislocations The Secretary of the Fracture Com- 
mittee (H F J ) uas asked by the Chairman to send letters to the medical schools of the Umted States to 
determine the number of hours being devoted to this subject, and which staff (general surgery, orthopaedic 
Eurgei^, or a combination of the two) uas held responsible for the teaching Questionnaires were sent to 
seventy Class A medical schools, the questions asked bemg as follows 

“ 1 How many hours are allotted to tue subject of fractures and dislocations in your medical school? 
“2 Are fractures a part of the general surgical service and taught by general surgeons? 

“3 On either the orthopaedic or general surgical service are fractures taught by both general 
surgeons and orthopaedic surgeons or by orthopaedic surgeons alone?” 

The response to the questionnaire was surpnsmgly good, as replies were received from sixty-seven 
(95 7 per cent ) of the schools (Table I) In addition to answenng the questions, many of the deans and depart- 
ment heads volunteered suggestions and recommendations, some of which are quoted herdm 

It IS of interest to note the growing trend in the medical schools to ally fracture work with orthopaedic 
surgeiy Several years ago fractures, in most instances, were dealt with exclusively by the general surgical 
service, i\ hile today more than half of the recognized schools have correlated fracture care with orthopaedic 
surgery With this tremendous interest in traumatic surgery, many young men are taking residencies and 
fellowships m orthopaedic surgery Into many of these same hands the teaching of this subject will ultimately 
faU, and hence it is to be expected that the growing demand for the placing of this borderhne subject in its 
proper field will become even more pronounced This refers especially to traumatic lesions of the spine and 
extremities With the sharp tendency to speciahzation, head injunes and traumata of the chest and abdominal 
Viscera naturally are mcluded among the specialties covering those particular parts of the anatomy With the 
extensive defimtive surgery and corrective measures often necessary in the treatment of skeletal injuries, the 
orthopaedic surgeon who has qualified himself for this type of Work, should have the opportumty to foUow 
these problems from' the time of the emergency care through to the final end result, m many instances tins 
requires several years of observation Too often the early emergency treatment ^ been rendered by indi- 
viduals lackmg the opportumty to care for these patients subsequently when delayed umon, non-umon, or 

I belatedly, come under the care of the orthopaedic surgeon, who 
fi,s maximum improvement Thus it would appear that, often to 
has been obtained in manj^ cases m a roundabout manner, rather 
cases m the hands of qualified men at the onset 


DMlumon develops These patients have thei 
must carry on until the patient has attained 
the detriment of the patient, the final result 
than by the simple process of placing such i 


e J.X. .X „„„ •R’rnr-tnrps and Traumatic Surgerj, presented to The American Academy 

of OrtL of the Comimttee on ^ ^ Tanuarv 27, 1948 The Cliairman of the Committee m as Mather 
ot Orthopaedic Surgeons, Chicago, Ilhnois, J^ua^ 

Cleveland, M D , and the Secretary was Herman F JoUnson, fli u 


VOL 31 A NO 1 JANUARA 1949 



200 


COSUnTTEE ON FRACTURJJS AND TRAUIMATIC SURGERY 
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dcjnrtmonl and tuo scliook inlroduco instructioa m casting and tlie use of orthopaedic apphances m con- 
junction mil the soil loniorc Inin.ng program The lUaMmum time aUottedto this subject during this phase 
of undcrgridinto stiuh is tu cut \ -scion hours, tuent>-two hours being engaged in didactic lectures and five 
houi^ cinploi cd in oiil-intioiit ii ork Of t lie schools teaching fractures m the sophomore year, the immmum 
time relegated is one hour Nino schools dcu otc more than ten hours to the subject, while four schools devote 
less than ten hours Lift i -four schools give no consideration to the subject during the sophomore year 

Jiinwr Imtruclwn During the junior j ear, the undergraduate students first face the actual problems of 
fracturctrcitment m the inajont yof the iiiodir d schools Seventeen schools reported their teaching programs 
mtliin this jieriod to uicludc i combiiutioii of didactic lectures and chmcal activities on the wards, in the 
operating rooms, and iii t he oiit^j) itiont dep irtments The maximum period of training during the jumor 
\car infliin this group consi'.ls of tliirt v-threo Jiours of didactic instruction and eleven hours of climcal study, 
the minimum amount of tunc allotted encompasses four hours of lectures and an unspecified number of chm- 
cal hours, covering a period of one quarter, while the average is sixteen didactic hours and twenty chm- 
cal hours Elc\ cn schools restrict fracture instruction in the junior year to a course of didactic lectures, the 
niaxamum time allotment \i if hm this grouji being that of the University of Virginia School of Medicine, which 
specified fort} hours of didactic study Tlie average time commitment was given as approximately sixteen 
hours and the niiniinum i\ as rcjiresented as ten liour? Pour schools reported confining their fracture study to 
clinical work Vs the niajoriti of schools falling withm this group did not specify the exact number of hours 
deiotcd to the climc.il s(udj of fractures, it was rather difficult to make an accurate estimate of the time 
allotted to fncturcs Columbia Universitj require^ each junior student to be on call twenty-four hours a day 
for a period equ iling three w ccks Tlie k ni\ cr^itv of Rochester School of Medicine conducts chmcal teaching 
fora period of 110 hours during the junior jear 

Senior Instruction Senior fracture training is comprised primarily of clinical w'ork, the didactic traimng 
hanng been accomplished before this tunc, how ever, m some schools the subject of fractures is not mtroduced 
until the semor 3 car Seven schools fall within this latter category Twelve schools, in addition to the work 
done m the prenous joars, continue to present didactic lectures as well as chmcal activities Onl^ three 
schools which had presented w ork on fractures in previous yeaxs stated that thej restricted the semor activi- 
ties to didactic lectures Tw enty-one schools reported that the fracture studj^ assigned to the semor class 
consisted entirely of clinical w ork Three schools reported that no fracture work of any type was done in the 
senior j ear, and nmotcen schools failed to comment on the requirements imposed upon the semor students 
vnth regard to the studj' of fractures and dislocations 

Within the first group of schools, the seven introducing fracture work in the semor year, one covers the 
subject entirely by means of didactic lectures, one confines study of the subject to the fracture work appear- 
ing on a general surgical w ard dunng the student’s clerkship, and five combine didactic and chmcal studies 
Twentj -two hours of lectures represent t he maximum didactic course, and twelve hours the mimmum as well 
as the average number of hours The greatest penod of time dex oted to climcal work is fourteen hours, but as 
the remaimng six schools failed to enumerate accurately their proportionate studies, the average and mimmum 
periods could not be determined 

Withm the second group of schools, those continmng combined chmcal and didactic studies, the greatest 
penod devoted to didactic lectures is tw enty hours, the minimum four hours, and the average approximately 
twelve hours The longest penod of time relegated to chmcal activity comprises forty-eight hours An average 
could not be obtained, as no common medium in w ork estimation had been established 

Vlthm the third group, that of tw enty-one schools which restricted semor fracture study to climcal work, 
the greatest penod of time spent in this instruction was reported to be seventy-two hours and the mimmum 
eight hours Again an average could not be reached, although it was considered to be m the vicimty of 
eighteen hours 

Comments 


In renewing the comments made by thirty-four of the deans and department heads, a defimte impres- 
sion was gamed that the treatment of fractures and didocations was an ever-expanding field which mented 
special consideration This w-as aptly expressed by H Bernard, Professor of Orthopaeffic Surgery at the Um- 
^ ersity of Colorado School of Medicine, who wrote as follows "In my opimon the ideal way would betoliave 
a fracture service with a qualified orthopaedic surgeon m charge Or, da general surgeon were qualified and 
desirous of teaching, he nught be appointed to the fracture service However as a ^e, a general surgeon 
cares only about fractures m the medical school up to the point where he has learned as much ^ he tffin^ 
be will on the subject, and then he is willing to release the place to another general surgeon. It would be 
more efficient and barter for the students if those teaching fractur^ were orthopaedic surgeo^ I behexe 
In several instances fracture problems and the vast number of fracture cases induced by World V^r II 
mere mentioned to illustrate the increasing concern with this controvemial division of For example. 

Acting Dean H Boyd Wyhe, of the Umversity of Maryland School of Medicine, wrote We are not entirelj 
satisfied with our present method of teaching fractures and dislocations and are constantlj making improve- 
ments With the exSnence and knowledge of many of our younger men who have returned from military 
»mce, the knorfedge, .e. .e, ge«J progress 
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have m that broad and sohd foundation of undergraduate teaching upon which every practitioner of medi 
cine and its manj- specialties may build the edifice of his career TVe should confine our teaching largeh to 
the presentation of basic principles and basic facts, and to trainmg the student m methods of complete and 
efficient examination of patients The opportumty to teach the student how to use his 03 es and his handj in 
ph3’Sical examinations is not surpassed m an3' other field of surgerx 

It IS probably too much to hope that a complete S5'stem of undergraduate orthopaedic teachmg can b“ 
formulated, with which all will entirely agree We are confident, however, that the fundamental prmcipifc 
wiU emerge clearh m this Conference 


THE OBJECTBES OF UNDERGRADUATE ORTHOPAEDIC TEACHING 


By a R Shaxds, Jh , M D , WrLanx’Gxov, DtLAWiBE 
Alfred I du Pont Institute 


The teachmg of a specialt3' to an undergraduate student presents one of the greatest challenges m medi 
cal education toda}* For the student to become a doctor, he must learn the basic medical sciences and 
the clinical practice of medicme m the short penod of four x^ears The leammg of a surgical specialti cannot 
help but be considered b3' him to be a minor part of his medical education If, durmg his undergraduate 
period, he is not stimulated to acquire a fundamental understandmg of a specialt}’, he will be graduated with 
a minimum of knowledge as well as with a mmor mterest m this field of medicme The purpose of thr 
discussion IS to present an anal3-sis of the objectives of the teachmg of orthopaedic surger3 to the under 
graduate student, as reported on the questionnaires sent to the se\ ent3 four-3 ear medical schools m the United 
States m 1946 b3 the Committee on Undergraduate Trainmg, as well as to present the four objecbves which 
the author beheves to be the most important 

First, an anal3-sis of the answers to Question 8 on the questionnaire sent to the four-3’'ear medical school 
This question was "State bnefl3^ what 3 ou consider to be the mam objectives m the teachmg of orthopaedic 
surger3 to the undergraduate student” Rephes were received from the heads of sixt3^-SL\ orthopaedic de- 
partments of these sevent3' schools In the rephes, thirty-two different ideas were expressed The mn“ 
objectives mentioned most often, m order of frequency, are as follows 

1 The recogmtion of the more common bone or jomt disorders (m thirt3-nme rephes or 59 per cent 1 
Three of this number mentioned particularly the earh’- recogmtion of these conditions and two the differential 
diagnosis 

2 The fundamental prmciples of the treatment of bone and jomt disorders (m twentj rephes or aO 
per cent ) Two rephes^spoke of the mechamcal prmciples of treatment, one of the operative principle: of 
treatment, and three stated that under no circumstances should details of operative or non-operative pro- 
cedures be given to the undergraduate student 

3 The teachmg of orthopaedic surgery as related to the general practitioner (m eighteen rephes or -i 
per cent ) Three of this number mentioned an outhne of orthopaedic disorders for the general practihonei, 
SIX, a sufficient knowledge of orthopaedic surgerj’^ for the general practitioner, eight, an abiht3’’ to refer difficult 
cases to the orthopaedic specialist, one, the prmciples of therap3' of fractures for the general practitioner, an 
one, recogmtion of the orthopaedic conditions for which the general practitioner wall be carmg 

4 The diagnosis and treatment of fractures (m fifteen rephes or 23 per cent ) Particular reference w^ 
made m one each to the teachmg of the uncomphcated fracture, the diagnosis of fractures, the imniedia 
treatment of fractures, and the comphcation of fractures 

5 The general management of the more common bone and jomt disorders (m fifteen replies or -o v 


cent ) 

6 Teachmg of how to perform an orthopaedic examination (m seien replies or 11 per cent ) ^ ^ 

7 Teachmg of the methods of prevention of deforimt3 and disabiht3' (m seven rephes or 11 
S Teachmg of orthopaedic and related pathological findmgs (m sei en rephes or 11 per cent ) 

SIS was placed m some of the rephes on teachmg a basic knowledge of pathologj, and on the correlation 
the pathological with the clmical findmgs . ^ 

9 The basic knowledge of the musculoskeletal S3-stem, particularh the anatom3 of bones an Jo 
and a correlation of this anatomy with the clinical findmgs (m five replies or 8 per cent ) 

Other objectives which were mentioned from one to three times were the relationship of o 'j' r 
surgerw" to general medicme and surgei3', the general scope of orthopaedic surger3 , a basic 0 

the field of orthopaedic surger3 , an orientation mto the problems of orthopaedic surgei^ , 
orthopaedic conditions with proper treatment, and the possibihties of their bemg corrected, ow 
orthopaedic histones, a recogmtion of the normal function of bones and jomts, what orthopa 
can accomplish m the preservation and restoration of function, a knowledge of the bactenolog3 , P 
and rehabihtation of the orthopaedic patient, makmg the student conscious of orthopaedic surge . , 

* the JOURVAI. of BOXE AVD joint £FF 



CONFERENCC OF TEACHERS OP ORTHOPAEDIC SURGERY 


205 


m the student an interest in common orthopaedic problems, stimulating the student to further study, office 
procedures for ortliopaedic surgery, and the liistorical development of orthopaedic surgery 

The author behoves that the followng four objectives for the teaching of orthopaedic surgery to the un- 
dergraduate student aro the most important, in the order given 

The first objective should bo to give an accurate Icnowledge of the scope of orthopaedic surgeiy Ortho- 
paedic surgery has been defined “as that branch of surgery especially concerned with the preservation and 
restoration of the functions of the skeletal system, its articillations and associated structures” An inteipre- 
tation of this defimtion and all that it implies should be presented clearly to the student 

The second objective should bo instruction m how to take a satisfactory orthopaedic history and how to 
perform an adequate orthopaedic c\anunation Instruction should be given in physical diagnosis or the art 
of perfornung an examination 

The third objective should bo a description of the more common bone and jomt disorders, presented in 
such a way that these can be rccogmzed and differentiated from conditions which more nghtly belong to 
other fields of medicine, — that is, the differential diagnosis of the specialty 

The fourth objective should be the teachmg of the fundamental principles of therapy 
As the goal of undergraduate medical education is to tram and develop the student mto a doctor, with 
knon ledge of all fields of medicme and with the abdity to become a good general practitioner and not a 
speciahst, it is the belief of the author that, if these four objectives can be attained in teachmg, the student 
will have sufficient knowledge when he graduates to enable him to screen his patients and to decade what 
t Aqaes of conditions he can treat and what types should be referred to the specialist By far the greatest volume 
of orthopaedic surgerj’’ is performed today and always will be performed by the general practitioner, and not 
by the specialist A careful and thoughtful practitioner, who knows his hnutations in specialty practice and 
when to refer the patient to the speciahst, is one of the best assets to the practice of medicme a commumty 
can have The aim of the undergraduate medical school is to create this type of physician 

The objectives of the teachmg of orthopaedic surgery to the undergraduate have not changed since 
orthopaedic surgery became a specialty, and they are not likely to change However, the techmques of this 
teachmg have changed through the years The audio-visual aids, which now are being used m most medical 
schools and which will be used more often and more widely as time goes on, enable the teacher to present 
the subjects more clearly These aids make the leammg easier for the student and the attamment of the 
objectives of teachmg more effective 

About 1900, Dr Edward H Bradford of Boston, one of the great pioneers and early teachers of ortho- 
paedic surgery, said that orthopaedic surgery is imperfectly understood, few physicians feel competent to 
practise it, and an objective of the orthopaedic surgeon should be to develop the specialty to the pomt that 
the mastery of this particular branch of medicme would be a requisite m the education of every physician 
Today an objective of imdergraduate instruction is not teachmg of the student to the pomt of mastery of this 
branch, and certainly not to the pomt of competence to practise the specialty, but the instruction should be 
given to the pomt at which the specialty is so well imderstood by the student that he may feel at his gradua- 
tion from medical school he has the competence to identify the more common orthopaedic conditions and to 
know their treatment 


DISCUSSION 

By Caul E Badglet, M D , Ann Abbor, Michigan 
University of Michigan 

I am m full accord with the four objectives which have been mentioned, but I think there is a fifth ob- 
jective which IS far greater m importance than all four, that fifth is the stimulus to the student I have pur- 
posefully taught orthopaedic surgery with the hope that I would show to the students the possibihties of 
research and stimulate an mvestigative mterest in medicme 

Several years ago, I was invited to give an informal talk m Galveston to the semor medical group at the 
Umversity of Texas Two distmgmshed doctors were also on the program They both had excellently pre- 
pared scientific papers with lantern slides on mvestigations m medicme The students, I am sure, were 
rather bored, yet thought it was part of their presenbed work to sit and hsten I am sure, hovever, they 
thought that here were two outstandmg men who were domg somethmg that they could never do I at- 
tempted to show the students that m all probabihty neither of those men had started out m medicine with 
the mtention of produemg the paper which he had just given, but that they had a curiosity for knowledge 
and for learning which had led them through hardships and difficulties to the final beautiful productions 

which they had presented , i. t , 

An exceUent speech was given recently at a McGill Umversity graduation exercise m which it vas said^ 

that "knowledge without wisdom, and the will to use it, is sterile 
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In conclusion, I m ould make a plea for this fifth objective and, to mj' mind, the most all-important of 
■ohjectnes of orthopaedic teachmg,— to stimulate m young men the ability to recognize that thej haie a 
far better basic background than then teachers had, and a far better potentiahty for the development of 
knovrledge m medicme, of which just the surface has been scratched 


THE WELL-BALANCED CURRICULUM IN ORTHOPAEDIC SURGERY 

By Robert W Johnson, Jr , M D , Baltimore, Maryland 
J ohns Hopkins University 


After heanng Dr Shands’ keynote address, amphfied as is necessary to get any convention under nav, 
and also with the consciousness that I’U be followed by Dr Green, who has a well thought-out and detailed 
program to offer, I begm to wonder what there is for me to say I have been verj'^ lucky in that I have not 
had to fight for time in vhich to teach orthopaedic surgerj' My predecessors at The Hopkins, especiallv 
Dr Baer and Dr Bennett, fought and won numerous battles years ago, the first m respect to pure ortho- 
paedic surgerj , the latter with respect to fractures and dislocations They won them not because they wanted 
to teach, but because thej could teach and mterest the students in then subjects 

This brings me to the issue that I particularly wish to stress, — namel}’’, the great difference between 
teachmg of orthopaedic surgerj^ to the undergraduates, or medical students as I prefer to call them, and the 
postgraduate trainmg of orthopaedic surgeons To undergraduates, we must he doctors, to postgraduate^, 
specialist surgeons H we are specialist surgeons to the undergraduates v e are completely out of focus, and 
our teachmg wiU be blurred and soon forgotten 

We must see ourselves and our specialty in relation to medicme as a whole That places upon us the 
burden of making the student conscious of the neuromuscular-skeletal sj'stem as a functionmg part of the 
individual patient as a whole, and not only of explaimng to him its normal functions, but of recognizing the 
abnormahties and diseases affectmg this complex system and givmg a very bnef outhne of the principles of 
treatment of such malfunctionmg The realm of orthopaedic surgery hterally covers the entire body and 
brmgs us mto contact with the bram, heart, lungs, endocrmes, et cetera As far as undergraduate teaching a 
concerned, we have the job of mtegratmg our field with all the other fields of medicme, mcludmg to no small 
degree the field of psychiatry^ 

Differential diagnosis, therefore, should be our keynote, using diagnostic methods with special reference 
to full inspection, gait, posture, mensuration, muscle testmg, et cetera These things stimulate the student's 
thought by givmg him means of gettmg more information for himself than he is apt to get from the usual 
course m physical diagnosis 

How can we best accomplish this purpose of mtegratmg ourselves with general medicine'’ Let us con 
sider the four years of mechcal school In the first year, the course m anatomy keeps the neuromuscular-skele' 
tal sy stem before the student, and even the bones are apt to get more attention m this course than they getm 
later prechmcal courses, such as pathology I see no need for orthopaedic surgery to make inroads into the 
students’ time m this y ear, except for a lecture-demonstration on functional or surgical anatomy, with the 


idea of showing the student some of the practical imphcations of his anatonucal studies 

The second year is the introduction of the student to clmical medicme m most schools I am satisfied 
m this year with a very short, but I hope sharp, attack on the students m physical diagnosis, giving them 
gait, posture, deforimties, and the secondary effects therefrom Two hours will do An hour or two as a re- 


fresher course m anatomy of the surgical type will be useful to those students leanmg toward surgery 
In the third year, we come to the practical surgery In this y^ear we are expected to deal with the con 
Crete subjects of fractures and dislocations This is the course I am the most uncertain about as it is no^ 
organized I think that Hopkms w as the first school to delegate this subject of fractures and dislocations o 


the orthopaedic staff, both m teachmg and management 

Obviously', ideal teachmg should be clmical, but practically it must be didactic m order to 
subject, with as much chmcal material mcluded as possible Somehow, fractures of the femur seem 
only m the weeks that we have to deal with CoUes’s fractures, and vice versa We are still fumbhng wi 
problem, but despite the diflSculties, Dr George Eaton is doing a good job m seeing that even the cm 


gastro-enterologist knows how to recognize and treat the fracture on the spot 

Sixteen required lecture-demonstrations, plus voluntary attendance at the weekly fracture cum 
sort ol obstetncal call service for acute fractures m the accident room, comprise this course ^ 

We also supply a consultant to the medical-surgical diagnostic dime, through which all new p 
pass and thus come m contact with the third-y^ear student m the general diagnostic work-up ^ 
The lourth y ear is the year of refinement and polish Here we have a twofold program T e 
consists ol sixteen lectures m a systematic presentation of major orthopaedic subjects ^po 
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tuberculosis, scoliosis, nitlintis, ct cetera— which are allocated to various members of the staff with the 
idea that each w ill present his special interest and enthusiasm to the student more fully than I could I beheve 
tint this has a stimulating elTcct on both the students and the staff 

In addition, there are weekly w'ard rounds wath the small groups of students in their surgical quarter, 
and this means eight houis for the students and covers about twenty or thirty cases of all kmds from the 
w ards and the Childicn's Hospital School Stress here is on differential diagnosis, integration of orthopaedic 
findings with the laboratories, the other surgical specialties, medicine in general, psychiatry, and biochemis- 
try Splinting after-care, occupational therapy, and physical therapy are stressed more than surgical pro- 
cedures, although principles of surgical approach are discussed Attendance at operations is voluntary 
This, briefly, is our set-up and the plulosophy behind it first to keep before the student the neuro- 
musculai -skeletal S3stcni as an important part of the patient he is going to treat, second, to perfect the stu- 
dent in observation and examination, third, to give him some additional skill in differential diagnosis, fourth, 
to acquaint lum wath the possibilities of treatment, conservative and operative, of such orthopaedic prob- 
lems as he may encounter m his career ns a physician, surgeon, or investigator, and fifth, to interest the ex- 
ceptional student m an orthopaedic career 


THE IMULL-BALANCED CURRICULUM IN ORTHOPAEDIC SURGERY 

Bx WiLUiAii T Green, M D , Boston, Massachusetts 
Harvard University 

When w c as orthopaedic surgeons face the problem of a balanced curriculum, we are likely to be biased 
as to the importance of orthopaedic surgery m undergraduate teaching and the amount of time which should 
be allotted to it How’ever, it is qmte obvious to all of us that in many schools, at least, orthopaedic surgery 
does not receive its due In most schools, a representative of the department of orthopaedic surgery does not 
serve on the curnculum committee, nor does he have any voice in the final decisions of this committee Often 
to those servmg m such a position, orthopaedic surgery represents a specialty of very limited nature, and it 
IS aw^irded the same amount of time as is given to a specialty limited m scope and confined t<3 one small 
anatomical area My remarks are made with the understanding that orthopaedic surgery is a major branch 
of surgery and that the problems m this field are some of the most common m medical practice Orthopaedic 
surgery has ramifications extending into all branches of medicine and surgery, and much of its special 
knowledge is pertment to the balanced education of a medical student By its nature, orthopaedic surgery 
lends itself to the teaching of general surgical prmciples better than do most divisions of surgery It is well 
to comment here that the purpose of undergraduate teaching m orthopaedic surgery is not to produce 
orthopaedic surgeons, but rather to teach those basic principles which are essential to a balanced education 

It seems to me that somewhere between 20 and 25 per cent of the teachmg tune m surgery should be 
assigned to the department of orthopaedic surgery If this means an increase m the amount of time devoted 
to orthopaedic surgery m an existmg schedule; the additional time would not necessarily come from that 
allotted to teachmg in general surgery It nught come from various adjustments Furthermore, if the de- 
partment of general surgery teaches things which ordinarily should be under the department of orthopaedic 
surgery, such as fractures and bone tumors, the instructional time assigned to orthopaedic surgery may be 
reduced proportionately Such instruction should, however, be carefully correlated wnth the teaching in the 
orthopaedic department 

One of the mam diflBculties, other than that too liktle time is allotted to orthopaedic surgery, is that it is 
frequently worked into the curriculum m haphazard fashion, so that it is impossible to develop a reasonable 
integration either vertically or honzontally Frequently lectures in the chmeal years are scheduled without 
regard to the time of sectional instruction This greatly decreases their value In our experience, students 
arrive for then assignment to the Department of Orthopaedic Surgery m the third year with httle background 
leading to its understandmg The time to start the teachmg of orthopaedic surgery is m the first year The 
head of the department should see that the courses m basic science present that material which is pertment 
to future understanding of the specialty Furthermore, the Department of Orthopaedic Surgery should itself 
take part m first-year and second-year teachmg, which should be correlated with the instruction given m 
the departments of basic science 

I should like to present a sample curnculum, merely to consider general prmciples so that we have some- 
thmg specific to discuss. The details of curnculum must be modified to meet local circumstances 

The First Year 

In the first year, instruction by the department of orthopaedic surgery should be correlated wath the 
work m anatomy and physiology Six or seven lectures may be given, as follows 

1 General musculoskeletal sj^tem, body mechanics 

2 The trunk and neck, the back 
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3 and 4 Upper extremities 

5 and 6 Lower extremities, gait 

7 Abnormalities m embrimlogical development, bone growth 

All of these lectures, and the3' should be well illustrated, should stress normal musculoskeletal median 
isms which, in their presentation, maj’- be emphasized by illustrations of abnormal states Visits of the 
orthopaedic surgeon with the students in the dissection room at appropriate times is also most helpful 

The Second Year 

If pathologv has been taught in the first semester of the second year, it is desirable to have a schedule 
of orthopaedic exercises m the second half year These should be designed to acquaint the student mth a 
basic concept of abnormahties of the musculoskeletal system and to show him patients with these problem 
Ten lectures, appropnatety illustrated, might be given durmg this second year and might be listed as follow 

1 The problems ansmg in the musculoskeletal system, examination of a patient 

2 The trauma of bones 

3 Infections of bones 

4 Jomt phenomena, infection, trauma, tendons, bursae, and tendon sheaths 

5 Abnormalities of growth, tumors 

6 Paralysis 

7 Developmental and congemtal diseases and abnormahties 

8 Mechanical abnormahties 

9 Metabohe disease (probably by division of medicme) 

10 Therapeutic measures, general, m relation to pathological processes, traction, casts, exercise^, et 
cetera. 

In addition to these lectures, there should be sectional work m phj'sical diagnosis of the musculoskeletal 
53^em, taught bj’ an orthopaedic surgeon These sections should not contam more than six students for 
certam of the activities, but the sectional work may well be combmed with demonstrations m larger group', 
if it is feasible and can be correlated as to time There should be approximately four exercises, — ^that is, four 
mommgs of sectional instruction in relatively close contmmty, occupymg a total of twelve hours In addition 
to these exercises, it is highly desirable to arrange for a sm^e visit of each section for two to three hours to 
the orthopaedic out-patient department to illustrate the problems that arise This visit should be supemed 
by an instructor, as should another mommg exercise at which the section should make ward rounds to 'ee 
the problems that are represented and the techmques of treatment Another exercise may well be instruction 
m basic fiirst-aid, bandaging, and other details, if they are not otherwise covered m the curriculum In all, 
then, we have had mne or ten lectures of one hour each, and six mommg sectional penods of three hour' 
each, totalmg eighteen hours of sectional work and ten hours of lecture 

The Third Year ' 

This IS the time when the students become more mtimately acquamted with the patient, with ortho- 
paedic surgerj', and with the problems of the musculoskeletal system The purpose is not to teach ortho- 
paedic surgerj^ as a specialty, but to give an understandmg of the musculoskeletal system m its relation to the 
patient as a whole, which is apphcable to medicme m general 

The third 3 ear should emphasize sectional work with patients, but some teachmg can well be performed 
m large groups, particularly with visual aids There is much to be said for and agamst the lecture mcludmg 
whole classes at this tune Such a lecture is likely to be dehvered by a stimulatmg, capable mdividual, whereas, 
if all the teachmg is done m small sectional groups, there is constant repetition, reqmrmg a great extravagance 
of mstractors' tune The result is that the teachers for such groups are not so stimulatmg or effective as 
those who might give a lecture to a larger group A good portion of the w ork must be sectional, but part 
be well covered m lectures The difficulty of lectures to a large group is that they are likely to be 
mdependent of the sectional work as to tune This is not good The ideal would be to present the subjc , 
well illustrated and m lectiue form, to the whole group and to correlate the sectional work with it, tim n 
usually impossible A good compromise is to have sections of moderate size, perhaps a fifth or a sixth 0 ^ 
class for certam of the exercises amountmg to lectures and demonstrations, and smaller subdivisions 
approximately six students assigned to each instructor for work with patients How this can be 
depends upon the local envuonment Translated mto detail, there could well be about twenty 
exercises correspondmg to lectures These should be as mtunate as can be evolved These lectures mig 
tentatively listed as follows , 

1 The patient and the musculoskeletal system make-) 

2 and 3 Congemtal anomahes (specific problems, congemtal hip disorders, club-foot, other ano 

4 Developmental diseases (miscellaneous, coxa plana, shpped epiphjsis, et cetera) 

5, 6, and 7 Keuromuscular abnormahties, mcludmg pohomyehtis, obstetrical paralysis, c 

palsy, et cetera 

8 and 9 The jomts arthritis, trauma, other conditions 
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10 Specific infection of bone, — osteomyelitis, tubeiculosis 

11 ind 12 The back the spine, including ccivical spine, mechanical diflSculties, back pain, sciatica, 

scoliosis 

13 Tumors and related abnormalities 

14 Upper extremity, general 

15 Lower extremity, hips to knees inclusive 

16 Leg and foot 

17 Fractures general management, simple, compound 

IS Fractures, upper cxtreimtj 

19 Fractures, spine 

20 and 21 Fractures, lower extreimtj’ 

Correlated w ith these lectures, as mentioned, should be sectional wmrk involving time on the w ards and 
in the out-patient department The student should have a chance to work with patients m small groups wath 
adequate supervision, assistance, and independence This sectional assignment should approximate four 
weeks and should certainly not be less than three weeks 

The Fourth Year 

In our experience this has been planned in correlation with general surgery, when the students have 
their long sectional assignment in this field If four months are assigned to surgery, the student’s total time 
in orthopaedic surgery, including fractures, should be not less than two weeks Depending upon the local 
atuation, this can be arranged by assigning the students to the orthopaedic department for tw o w eeks, allow- 
ing the students so assigned to make the major teaching rounds on the general surgical service during this 
penod, if possible Likew ise all the student s in the large surgical section should make regular teaching rounds 
with the orthopaedic service, perhaps once a week If cases on the two seiwices aie in the same wards, the 
cases on the orthopaedic senace may be assigned to the students in rotation, and the work in orthopaedic 
surgerj may go on sjuiclironously wath that in general surgery The students should be responsible for the 
work-up of patients, thej should "scrub up” for the operations on their assigned cases, and participate in 
all the actintics affecting these patients In addition, it is our behef that one month of elective orthopaedic 
surgerj' should be offered in the fourth j ear, during which a student may have an opportumty to wmrk with 
the department, perfornung many of the duties of a jumor house officer 

It has not been our purpose to outline these details with the idea that they should be followed, but merely 
to represent a pattern of instruction and to emphasize that the teaching of orthopaedic surgery should start 
in the first year and should be gradually woven into the fabric of the curriculum 

The object should not be merely to teach the facts m orthopaedic surgery, but to give the student a 
thoughtful approach to the problems of the musculoskeletal system and to medicine in general It should 
be mentioned that the allotment of sufficient time does not of itself assure good teaching in orthopaedic 
surgery The more efficient the teaching, the less time is needed The student's time must be W'eU occupied 


DISCUSSION 

Bt Cabu E Badglet, M D , Ann Abbor, Michigan 
Untversily of MicMgan 

Our program at the Umversity of Michigan is somewhat similar to that w-hich Dr Green has just outhned 
Constantly throughout the year we have clmical conferences wath the Department of Anatomy on 
embryology attemptmg to demonstrate the embryological facts which are brought to light m our chmcal 
material We similarly have conferences and chmes m the Department of Anatomy, m which we attempt 
to demonstrate the need of knowledge of anatomy in chmcal matenal In the second year w e have six hours 
on the pathology of the heahng of fractures Also m that second year, with the Department of Internal 
Medicme, we have six hours in the teaching of physical diagnosis 

In the third year the class is divided into sections Each section spends three afternoons a v eek, for tv o 
weeks, m the orthopaedic Out-Patient Chnic Fractures are taught to each section didactically, two hours a 
week for four weeks We believe that these students acquire a fundamental basis of the knowledge of frac- 
tures We have ten orthopaedic lectures In those ten hours we do not prertnd to teach aU of orthopaedic 
surgery, but it is our aim to present a knowledge of such topics as bone growth ^d bone repair, the noi^al 
development of the growing child, and the diseases to which that child can fall heir We ^=o pr^ent those 
diseases m adults winch are peculiar to our specialty We attempt as much as possible to demonstrate that 
the work of the Department of Orthopaedic Surgerj^ must be correlated with that of o her departmen s 
In the fourth vLr as Dr Green recommended, we have the semor medical students with us for the 

entire time for two Dunngthat penod of time, they are mthe operating room, where thej "scrub up" 

lime lor two weeKS u ^ . -nor^oTtmpnt and acting as assistants and chmcal clerks in t 

for operations on cases, in the Out-Patient Department, ana acting a 
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wards Once a ts eek we have a general conference on fractures, v hich the semor residents attend Tins confer 
ence is primarily for the Division of Orthopaedic Surgery, v hich is in charge of fractures These conference^ 
are also attended by the general surgeons 

I V ould say that, mth few exceptions, we have everythmg Dr Green has recommended for the ortho- 
paedic curriculum 


THE RELATIONSHIP OF THE DIVISION OF ORTHOPAEDIC SURGERY 
WITH THE OTHER DIVISIONS OF SURGERY 

Bt Alan D Sioth, M D , New Yohk, N Y 
Columbia Umverstiy 

This mormng in his Presidential Address, Dr Robert I Hams said most of the thmgs I had thought of 
saying on this subject, but stated them very much better than I can 

In order to onent ourselves about the position of the department of orthopaedic surgery, we should 
think of the recent developments of surgery and the fact that there really no longer exists such a department 
as general surgery We all have to be surgeons first and specialists afterward When I was an intern on the 
surgical service, thirty years ago, we did abdominal and thoracic surgery, and brain surgery, ve treated 
fractiues, we practised gynecology and urologj', and we were really general surgeons That is all changed 
Techmeal advances in surgery have been so great that no one now thinks he can master all those techniques, 
and he has been forced to specialize more or less in one particular field of surgery By general surgerj', I 
think we mean the fundamental prmciples of surgery which we all have to master to be surgeons The idea 
that it is necessary for men to learn the pnnciples of treatment of shock and water balance, infection, and 
so on, bjr gomg through the department of general surgery (which now is really the department of visceral 
surgery), is no longer true 

Therefore, I think that the department of orthopaedic surgeiy should be simpl}'^ one of the departments 
of surgery, but a verj'- important one If you think back, you null see that until a comparatively short time 
ago, what we now consider as the scope of orthopaedic surgery was almost the entue field of surgeiy, before 
abdonunal and thoracic surgery came mto bemg We really cover a great part of the body and treat more 
types of lesions than any other branch of surgery I beheve that the best plan is to give each department of 
surger3’' a large degree of mdependence, and 3’-et hold these departments together by an orgamzation, other 
mse there will be more or less anarchy 

There must be an executive officer of the department You can call him the professor of surgery, if you 
like, or he may be the professor of visceral surgeiy, or the professor of orthopaedic surgery or neurosurgeryi 
but he is the executive officer of the department and the one who bmds all the different parts together It 
takes a number of quahties to make a good professor of surgery He has to be a good teacher, a good surgeon, 
and a good adnumstrator Very often the departments of surgery suffer because the head of the department 
is not a good adnumstrator, and I think, therefore, that the man should be selected not as much because o 
the particular field of surgery m which he happens to be mterested, but because of these other quahties that 
are so necessary in administermg the department 

At Columbia Umversity, aU the specialties in surgery are independent, but we have, of course, a professor 
of surgery I think that is the way it should be done, but the so-called surgical specialties should not aec^ 
sanly be subordmated always to the so-called department of general surgery There must be a great dem 
cooperation between the vanous branches of surgery, because even in the cases which we consider to oeio s 
to the field of orthopaedic surgeiy we frequently need the special skdl of other men, such as the neurologi ^ 
surgeons and plastic surgeons, and we should feel free to call upon them to help with particular prob e 

Also in teachmg there is a great opportumty to collect many of these thmgs and present them as a w j 
because you cannot separate diseases into compartments They do not lend themselves to that at all I 
that the plan of holdmg symposia on tuberculosis, for instance, in which the internist, the ortnopa 
surgeon, the pathologist, the bactenologist, and others cooperate to present that disease as a who e, 
excellent one That plan could be extended to other diseases, such as pohomyehtis and cerebral palsy 


the relationship of the division op ORTHOPAEDIC SURGERY WITH THE OTHER 

DIVISIONS OF SURGERY 

Bt Donald King, M D , San Fhancisco, California 
Stanford University 

I am afraid that everythmg I had thought of saying has already been mentioned, and 
far better than I could have said it to you I would hke, however, to stress one techmeal methoa 
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xaIiioIi Mill Smitlisj)oko about Thore lias novel been anj-- radical separation between the vanous specialties in 
the Department of Surgci j of Staiifoi d Medical School In fact, one might say that this is also true of the van- 
ous departments hor example, all members of the staff attend Dr Bloomfield^s Friday morning medical 
rounds and Dr A'cn ell's Mondn}’- afternoon X-ray Confeiences, Dr Newell being our Professor of Radiologj’- 

During the past two or three years wo have been cKponmentmg with a method of teaching which has 
still further unified t lie divisions of surgerj into a more compact department This method, which is actually a 
verj old one, is used particul iilj to iiresent those subjects which are of interest not only to the orthopaedic 
surgeon, but also to ot her divisions or departments We might, for the purpose of illustration, mention the 
subject of tumors 

A class is conducted jointly by the orthopaedic surgeon, the pathologist, and the roentgenologist Pa- 
tients are shown to illustrate the lanous types of bone tumors, and for the benefit of the students, the three 
professors participate in the discussion concermng each case 

Other orthopaedic subjects lend themselves very naturally to this method of presentation I might speak 
of pohonnohtis, which Dr Smith has already mentioned In presentmg this subject, Dr Faber, the Professor 
of Pediatncs, starts with the luescntation of the clinical picture and the acute phases of the disease He is 
follow ed bj Dr Northw ay. Professor of Physical Medicine, who demonstrates the physiotherapeutic aspects 
of the subject Pinalb , a member of the Orthopaedic Division closes with a presentation of the fundamental 
principles of the orthopaedic treatment of the disease 

Another subject which is w ell adapted to this method of presentation is fracture of the spine with damage 
to the cord, where we are able to have the gemto-urmary surgeon, the neurosurgeon, and the orthopaedic 
surgeon participating in the discussion in front of the students in a round-table type of discussion It is qmte 
obnous that such a teaching jirogram requires considerable prehminary preparation and a willingness on the 
part of lanous teachers to admit that their particular role is not necessarily the stellar one We’ve found 
students to be most enthusiastic about tlus method of teaching, and I feel that it has resulted in a much 
warmer interdepartmental relationship than previously existed in our school 


THE USE OF AUDIO-VISUAL AIDS IN TEACHING 

Bt Fremont A Chandler, M D , Chicago, Illinois 
University of Illinois 

The subject of orthopaedic surgei j lends itself admirably to the use of visual aids in its pi esentation to 
medical students, especially those in the prechmcal years of then- teaching Patients are the ideal form of 
presentation from the visual angle, but they are not always available at the proper time, and some such pres- 
entation must be supplemented by other means, such as drawnngs, charts, models, lantern shdes, or motion 
pictures The need for such aids is brought out m the study of answers to a questionnaue sent out by Di 
Shands o\ er a j ear ago To the question, “ Are visual aids, such as lantern shdes, motion pictures, models, 
et cetera, made use of?”, seventeen schools replied that they were used extensively, thirty-eight schools re- 
plied that their use was moderate, and fifteen replied that they w ere used only occasionally 

To the question, “Would your dbpartment be willing to collaborate on such visual aids for teachmg if a 
central office of exchange were established?”, sixty-eight of the seventy schools responded m the affirmative 
This IS evidence of the need for such means of presentmg the subject of orthopaedic surgery to students 
Under the present plan, each medical school attempts to supply these needs through its owm departments 
of art, photography, et cetera This means that seventy medical schools must have seventy artists, often 
woikmg on the same problem Would it not be possible for us to combine our efforts and share the products 
of our art departments ivith one another, supplementmg the matenal which each of us has available wnth the 
choice and more selected matenal which our colleagues have encountered elsewhere, by putting aU into a 
common pool? The effort of preparation would be mmimized and many valuable presentations w ould become 
available to all 


THE USE OF AUDIO-VTSUAL AIDS IN TEACHING 

Bt JOSEPH'S Barr, M D , Boston, Massachusetts 
Hanard University 


1 should like to make clear at the outset that my remarks represent mj personal feelings rather than the 

attitudes ^ of audio-visual education Roentgenograms, dissected spec- 

LttSd o«.». Ly be ».d W ».e™., be. e„eb can be eoe 
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satisfactorily by only a handful of students at one tune To overcome this, as seen in our scientific ses- 
sions, the visual image is enlarged by projection from lantern shdes or by mulnng a “blown-up” three- 
dimensional model of the original I suppose that at present all but a minor fraction of undergraduate or 
orthopaedic teachmg is done with no more complex aids than those just mentioned Many of us hare made 
motion-picture films of operative procedures of mterestmg cases, but such films, m my opmion, have little or 
no place m undergraduate teaclnng There does seem to be a place for a few well-made basic ^ms on ortho- 
paedic subjects 

If such films were available, they would improve the general quahty of our teaching and give the student 
a far better concept of orthopaedic disabihties than do our present more or less haphazard lectures 

Under a general title such as “The Locomotor System”, the senes might mclude (1) a film on “phj'sical I 
examination”, (2) one on “trauma and repair”, (3) one on “the agmg process”, (4) one on “normal and i 
abnormal gaits”, and (5) one on “pohomyehtis” 

Let us consider how best to teach the essentials of orthopaedic physical diagnosis to a section of second 
3 ear medical students The subject nught be mtroduced m a ten-mmute talk, outhmng the ground to be 
covered The students are then shown a film, which in sound and sjmchronized, smooth-flowing action 
demonstrates the prmciples of inspection, observation of stance, posture, gait, normal ranges of active and 
passive jomt motion, palpation, measurement of leg length, demonstration of atrophy, observation of sensorj , 
reflex, or circulatory change 

The film should take not over thirty minutes to show, — and I wish to emphasize that it is not a lecture, 
but a tool to be used by the lecturer When the hghts come on, the instructor distnbutes the syllabus which 
covers the film content and mcludes a check sheet for recordmg physical findin gs The instructor then exam 
ines a patient m front of the section and the findin gs are discussed Each student is given the opportunity of 
takmg a history and domg a complete phy^sical exammation on the patient He writes up his case, records hb 
findmgs, his tentative diagnosis, and recommendations This case may be reported as a basis for a grading 
mark, if the instructor so desues 

This, then, is a bnef illustrative outhne of my concept of the type of film needed A film on “trauma 
and repair” could mtroduce the subject of fractures m a vivid way 

It IS obvious that a number of first-grade teachmg films for undergraduate students are needed I would 
suggest that a committee be assigned to study the problem and to draw up a hst of films and their proposed 
content 

Fmancial sponsorship for production of the films might be sohcited from the A 0 A , from the Academj, 
from philanthropic foundations, or from anyone who is interested in giving funds to see that medical students 
are better taught After sufficient funds have been secured, a qualified scnpt wnter should be employed and 
scripts should be prepared for approval Problems of film production and distribution wiU reqmre careful 
study 

This appears to be a field m which carefully planned, concerted action is necessary I suggest that the 
time for action has arrived 


DISCUSSION 

Paul B Magnuson, M D , Veterans Admimsirahon, Washington, D C (Formerly of Northwestern 
Umversity, Chicago) There is bemg planned, by cooperation among a number of government departments, 
a central pool of teachmg films, and we m the Veterans Administration are prepared now to assign funds for 
the production of teachmg films after the necessary scenario has been submitted and approved They can t 
all be made m one year, that would be impossible However, an extensive program is being planned, and this 
wiU mclude an arrangement whereby those films may be obtamed m copy form, either by purchase or loan, 
by a umversity or other medical teachmg institution 

Durmg World War H, I was called upon to do some teachmg which consisted of concentrated courses 
be given to Army medical officers m periods of six weeks Most of this instruction was necessarily centere^ 
on anatomy We did not have an excess of anatomical dissectmg material at Northwestern University , so 
was necessary to devise ways and means for teachmg anatomy so that it would be remembered To tha e 
we undertook the teachmg of what we called “constructive anatomy” , 

In other words, human bones were put together with plasticme and mounted on an old-fashioned re 
stand — a scapula, a clavicle, and a humerus, for instance, m shght abduction — and we modeled the w 
arm and the w hole low er extremity m that way, the students having their anatomical “ aphonsm" cha s a 
books m front of them and the dissected material at the other end of a long laboratory 

The students thought it was very simple at first, until they found that they knew nothmg at a a 
anatomy when they looked at the book They had to walk to the other end of the room to observe the no 
anatormcal relations, then walk back and reconstruct them, and after about three tnps to the other 
the room to see how man was made ongmaUy, they began to see the reason for this form of teaching 
men knew more anatomy at the end of slx weeks than they ever had known before 

The mstructor could then ask, “If a bullet stnkes a man anteriorly and comes out at the m 
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of tl>o <=0 ipnl b al)out ay bof aa ccn top and bottom, what structures does it interfere wath, and how do you 
make an c\aiuiu diou (o find out uliat structures ucro injured by the buUet?”, and expect to get the correct 
anstt cr 

Tliat method of 1 caching proi es that constructive anatomy impresses the individual with the mecham- 
cal aspect s of anal om\ , but it doesn't correlate n ith the pJij'Siology However, nath these visual aids it seems 
to me that nc cm in iko a much greater iinpic'sion on these young individuals, whether undergraduates or 
gmdu itc« 

I found tliit the giaduitcs piobabl}’’ know less about anatomy, as a rule, than the undergraduates 
Unl^ auat omj , ]ih} ''lologj , ]i it hology, and embryology are correlated in the imnds of these students, thei 
dont remember them \cry long ^iid when these subjects can be correlated chmcally, the students learn 
something that thej remember 


Don H O’Donogiiue, hi D , Unncrsiiy of Oklahoma, Oklahoma City AH of us who have been mterested 
in teaching orfhojiacdic surgerj liaxe jiioblcms winch to us seem very acute I want to speak bneflv about 
one problem which gi\cs us considerable concern 

1 think wc have all been faced wath the jiroblem of lecturing to a group of sophomore or jumoristudents, 
Ee\cntx-fi\e or ciglitj in number, on the subject of fiactures or orthopaedic surgeiy Certainly I feel verv 
much concerned as to whether what I am telling the students is at too low a level for them, so that they 
go to sleep, or at such a high level that they cannot comprehend it 

I flunk the time Ins come when these classes should be broken up into smaller groups We are faced 
with tw o things One of these is that, in the years before World War II and even antedating that, the number 
of quahfied orthojnedic siiigcons was fen, so that if the school w as fortunate enough to have one good teacher, 
his teaching capacitj was used to the utmost The other is that, dunng the last War, there was such a scarcity 
of teaching help in the medical schools that each one who remained at home had to carry his full load and 
me his time to the best ad\ antage for him and not for the student 

In our department, for instance, wc liai'e eight or ten quahfied orthopaedic surgeons, all of them are 
certified bj the Board, although some have had more experience than others Possibly our students, who get 
some sixteen hours of didactic instruction in fractures dunng their junior year, would do better to have one 
teacher for each eight or ten students, even though he did not happen to be the best teacher on the staS 
His ability to teach eight or ten men w ould be better than the abihty of the best man of the group to teach 
eightj students 

We ail Tccogmzo that it is impossible to cover the whole subject of fractures in any such course I think 
we should teach basic things For instance, if j ou teach the detail of treatment of fractures about the ankle 
joint, } ou hav e covered in effect the treatment of fractures about any other joint Similarly, the treatment of 
fractures of the long bones is csscntiallj the same, whether the bone is the femur, the tibia, the humerus, or 
the radius 


1 

W E Galue, M D , Umvcrsiiy of Toronto, Toronto, Canada I am glad of this opportumty to take part 
in this important discussion, because I have had to view the problem from a very different angle from that of 
the prenous speakers Their viewpoint has been that of the orthopaedic surgeon, the Director of the Ortho- 
paedic Department, and the Professor of Orthopaedic Surgery Mine, however, has been not only that of the 
Professor of Orthopaedic Surgery, but also that of the Professor of Surgery , for I have been head of the De- 
partment of Surgery, including all the surgical specialties, for the past twenty years 

Most of the speakers have been dissatisfied with the place that orthopaedic surgery occupies in the cur- 
nciilum and feel that, because of the enormous advance that it has made in the past twentj'-five years, it 
should be given increased time and even complete independence from so-called general surgery 

Before coming to any final conclusion m this matter, I think we should pause for a moment and consider 
just what should be taught to undergraduates Is it possible that the great wadenmg of the field of surgery, 
wath its special branches of urological surgery, neurosurgery, orthopaedic surgery, thoracic surgery, and so 
on, mav have other effects on the teaching of surgery than simply increasing the undergraduate curnculum, 
The answ er, of course, is that it has Within the last ten or fifteen years w e have seen the rise of the Amen- 
can College of Surgeons, the Royal College of Surgeons of Canada, the Ameri^n Boards of Surgerj , and of 
the Surgical Speciidties, all of which are committed to the principle that in the future major surgery^ shall be 
done only by those who have been properly trained for it This means about five years of postgraduate work 
If. then, quahfication to practise surgery or one of its speei^ties is going to require prolonged apprentice- 
ship and portLduate study, w hat is the object of expandmg the undergraduate curriculum? It seems o me 
that instead oTmereasmg the amount of time aUotted to orthopaedic surges and aU the other surreal spe- 

oalties, and, indeed to gLeral surgery itself, we should reduce it If w e insist upon more time for the teacl 
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done bj^ poorly trained men We are placing m their hands the opportumty to do things that n e know tlic\ 
should not do 

The answer to the question, “What should the department of orthopaedic surgerj' teach m a medicil 
school‘d”, IS threefold 

First, it must take part m the teachmg of surgerj’- to the undergraduates This teachmg should be con 
centrated on anatomj' and physiology as apphed to surgeiy^, or general and surgical pathology, inth special 
reference to inflammation, infection, healing of wounds and injuries of all kinds, thrombosis and enibobsin, 
gangrene, and so on, and, finall}’-, the taking of histones, the making of a good physical examination, and 
armnng at a diagnosis You will note that there seems to be no place m this program for teaching ortho- 
paedic surgery All we are supposed to do is to teach the general principles of medicme and surgery b\ mcaib 
of the patients who are gathered together on our wards To be a successful teacher of undergraduates, the 
orthopaedic surgeon must forget his specialty for the moment and go back to the fundamental pnnciplco 
that underhe all specialties 

In order that the teachmg of surgerj'^ may be earned out well, it seems to me that it must be under single 
direction. To place such a program m the hands of half a dozen separate departments would result m all sorts 
of confusion and would certainly defeat any plan of teachmg general prmciples The function of the professor 
of surgery is to plan the course and to see that it is properly earned out 

The second great job of the department of orthopaedic surgery is to teach the prmciples and the practice 
of orthopaedic surgery to the young men who are bemg tramed m general surgery They wiU ultimately go 
out to all parts of the country to take the place of the general practitioners, who at present do most of the 
surgery It is my thought that a weU-trained general surgeon should have at least a sl\ months’ 
assistant residency m orthopaedic surgery and also a penod of concentrated experience in fractures It is from 
these young men, who are passing through the department m their traimng as general surgeons, that promis- 
ing candidates can be selected for traimng as orthopaedic speciahsts 

The thud important function of the department is the training of orthopaedic surgeons This, of course, 
IS the most pleasant and mterestmg of our teachmg duties and is the one upon which we must depend for 
the advancement of our specialtj’' Concemmg this I cannot suggest anything that j^u do not know as well as 
I do My only comment is that I would not accept a candidate for traimng as a surgical speciahst of any 
land who had not had a good basic traimng m general surgery, and who had not been influenced m his deare 
for further postgraduate training by his expenence in the special department while taking his general surgical 
traimng Such a plan makes certam that the candidate understands fully the nature of the specialtv he pro- 
poses to learn, and it gives the staff an opportumty to form an opimon, before it is too late, as to whether 
• he has the qualities that are necessaiy for success m that field 


J A Freiberg, M D , University of Cincinnati, Cincinnati, Ohio This discussion has been very interest 
mg There is one pomt that seems evident to me in the expandmg of the program proposed for the teaebng 
of orthopaedic surgery to undergraduates 

Why do we, as orthopaedic surgeons, have to teach anatomy^ Obviously, because v e think anatomy ims 
not been taught correctly The same reasoning applies to biochemistry and physiology I think our eSorts 
should be chrected m the medical schools to see that the vanous departments of the fundamental 
plan then particular subjects m the undergraduate program to cover w'hat we beheve should be cover 
I say this because of my close relationship with the Dean in my particular Medical School, knomng 
great demands are made on him to increase the teaching time in every department in the Medical oc 
If we were to grant even one-tenth of the mcrease m time which is asked for by each department, the sc 
could not function on the basis of four years , 

We have recently had a professor of anatomy who taught functional anatomy, knowing and I say ^ 
advisedly — as much about jomt function as any man m this room We can’t all get such professors ® ^ 
omy Unfortunately, ours died suddenly a month ago He showed many in our Medical School wba 
done, and, therefore, I see no reason why orthopaedic surgeons should have to teach anatomy to res 
medical students Nor do I see why we should enter into the teachmg of physiology'’ of bone and joint un^^ 
when others of our medical-school faculty should know, and probably do know, more than we ° ^ jy, 
but do not happen to teach physiology the way we feel it should be taught Agam, our efforts s o 
directed toward altermg and improvmg the teachmg, rather than domg it ourselves 

I do feel that we, as quahfied specialists, should give the fundamental traimng m orthopae ic sur 
the undergraduates The students cannot get this instruction adequately from any other ™^ecialti5 
medical schools There are two extremes m instructional programs, — expansion of the tune for e sp 
and ehmination of the teachmg of specialties to the undergraduate I recommend a middle roa 


John W Ghorjilet, M D , Albany Medical College, Albany, N ew York In the teac g 
surgerj to students, we have to remmd ourselves constantly that we are teachmg ^ gtcep- 

postgraduates There is a strong urge to demonstrate unusual cases, especially those w c 
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(lon'ilh pood oiwiMuc results Iherc is ilso a gieat tendency to discuss new operative procedures, about 
vluch the iiistnidor h is rocenth Icirncd and in iihich he is greatly interested 

VoT\ foil students will become oithopncdic Kpeciahsts Some uill become specialists mother fields, many 
mil go into Rcneral iinctice \Vc, therefore, give the greatest part of our teaching hours to the demonstration 
and discussion of cascs which cm usually be di ignoscd bj the general practitioner and often treated by him 
Tor c\am])lc, we would like to lime oui graduates who aic in general practice diagnose osteo-arthntis of a 
knee b^ the plij'sic.il c\immation and licit the condition b5' rest, avoidance of extra exertion, especially 
stairs, reduction of weight, irch supports, possibl}' a supportive knee bandage, and local heat and massage 
We arc chagrined when w e find that one of our recent graduates is giving these patients vaccines or '“shots in 
the arm”, or c\cn twenty mmutes of short -w avc diatheimy 

Our students at present do not siiciid ani time in the operating room, assisting in or observing opera- 
tions Tliere arc r erj few did ictic lectures There are assignments in an orthopaedic outline for students, 
whicli w c ha\ c been using foi m inv 3 c irs, and the students are inspired to study this because they have a 
iveckl3' w ntten quiz on the assignment The v spend considerable time in the out-patient department and the 
remainder of their time on the w ards hr3’ work up cases which are to come to operation They may see 
the operation and thc3 follow the cases post operatively Tlicy usually present the case to the whole class 
Tims, onl} a part of the students’ time is taken up with a study of hospital diagnostic and operative 
procedures Enough time is gu cn to this, how ever, so that they will know w'hat can be accomplished by such 
procedures 83’- this means thc3 will know what cases thc3 can take care of themselves and w'hich ones are 
better treated b3' more specialized procedures 

Our thcor3', then, is that the student should learn general orthopaedic pnnciples so that he can intelli- 
genth care for the 01003 orthopaedic problems that he meets m general practice Let the man who is to be- 
come an orthopaedic surgeon get his specialized training in his postgraduate courses 


•kn-niun StriNDimn, M D , The Chhhen’s Hospital, The University of Iowa, Iowa City I have heard 
mth the greatest of jirofit the discus«ions on the curriculum for orthopaedic traimng of undergraduates, 
ecpeciall} those gi\ cu b3’’ Dr Green and Dr Badglc3 I am pnmanly a teacher of graduates, thirt3'-five years’ 
Kcpenencc has taught me tlic errors and the illusions of tcaclung, when it is not founded upon the ver3^ sane 
and safe principles postulated here 

Howci cr, I am discouraged and not satisfied with the situation and the discussion as it has developed so 
far It IS taken for granted that, if the opportunities are given, that is all that is necessar3’- The reader must 
ha\e the introspection, the urge, and the didactic abilities to dispose of a subject in its w'hole form I can’t 
coDceiie of a presentation of a subject that is not in itself a whole, it must refer constantly to the basic 
foundations and not depend upon basic sciences presented separately 

I believe it is a mistake to think that you can begin where the other departments have left off,— that you 
need not imbricate and dovetail with the basic sciences If you hold to strictly specialistic presentation of the 
subject, w here is the assurance that 3 on are not going to separate the student from the common ground of 
medicine? 

The first prerequisite m graduate training seems to me that the student must never be allowed to lose 
contact with general medicine I have no trouble making speciahsts out of my graduates, but I have a hard 
time making doctors out of specialists 


PaulC Colonna MT) , University of Pennsylvania, Philadelphia From the many ideas brought forth 
m the discussion it is clear that the teachers in the various medical schools throughout the country are aw^are 
of the need for improvement in the teaching of orthopaedic surgery durmg the formative 3 ears of the medical 
student IncidentaUy, I am glad to note that w^e axe getting away from the term orthopaedics and designating 
our specialty as orthopaedic surgery 

Our instruction in the past has largely been devoted to the graduate and post^aduate student, but if w e 
^h to raise the quality of young men going mto this specialty we should begm by interesting the medical 

Ml“ylxceSKggestions have been made this afternoon and I have been particularly impressed with 
three approaches to tlS problem fir^t, to have a few orientation lectures during the fet two 3ears and 
chdacticLd bedside teacLg in the third and fourth years, second, the sjjpos.um method of teacdung, m 
which the different departments of the prechmeal and chmeal ^visions of the medical school can take part, 
so that the studeS obLns a broad view of the particular problem ^ed and understands t^ J e^ness 
of careful history-taking, exammation, and differential diagnosis, third, the almost untapped field of utibzmg 

eToI cotse leco^Ld that the most important factor in this or anj other subject is 
teacher. to arouse scientific curiosity m the group to which he is speakmg, whether it be 

with small groups in bedside teaching or with larger groups 
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Professor George Perkins, St Thomas Hospital, London, England Orthopaedic surgery can be con P 
sidered either as a speciahzed branch of surgery or^as a small section of medicme that typifies the whole off' 
medicme If orthopaedic surgerj’- is to be considered as a speciahzed branch of surgery, we must consider hoW'* 
many hours the average student should devote to that specialty j 

The crucial fact that most students are eventually to become general practitioners is often overlooked ‘ 
In this age of specialization, we are inclmed to forget that the prime aim of a medical school is to produce^'* 
what laj men call doctors We have first of all to make this student a doctor 

Medical knowledge is hke our national debt It is always on the increase Year by year, the mass of 
knowledge accumulates and specialists become more numerous Every specialist demands that the students 
should spend an undue proportion of their time m his own specialty It always amuses me to ask a specialist i 
how man3- lectures he thinks should be given m his subject The anaesthetist wants twelve, the endocnnolo- 1 
gist wants twelve, the g)mecologist wants twelve, and the psychologist may want twenty-four If all these " 
men were given what they demand, the student would be attendmg lectures aU day long, and he would have ' 
no time for exammmg a patient or, which is more important, for talking to a patient, let alone time m which 
to sit and think 


It seems reasonable that the amount of time devoted to any subject should be related to its frequencj m 
the ordinarj’- general rounds of a practitioner Based on this premise, orthopaedic surgery is one of the major 
specialties, because patients wnth complamts hke flat feet, lumbago, and the like, form a large proportion of a 
general practitioner’s practice However, the claimants on a student’s time are so numerous that the ortho- 
paedic surgeon must moderate his demands In my school the authorities allot sue lectures a year to ortho- 
paedic surgerj’- It will always be impossible to cover the w'hole of orthopaedic surgery in slx lectures 
What then ought the lecturer to deal with, — subjects of mterest to himself, such as bone tumors and 
arthroplastj of the hip, or subjects w hich are going to be of use to the general practitioner afterward, such as 


J 

ij 

I 


metatarsalgia? As the general practitioner may see a hundred cases of metatarsalgia to one bone tumor, obn i_ 
ously metatarsalgia should have the preference I think the orthopaedic surgeon has to reconcile himself fo r 
giving only a very few lectures and those on dull subjects, if orthopaedic surgei}' is to be considered as a f 
special department of surgeri'- ij 

In mj’’ Hospital, w hat we call the apprentice system prevails The student spends sm months as an m j 
patient surgical dresser, dunng which he spends most of the daj’^ in the wards, w here he learns surgery from 
one so-called general surgeon He spends another six months in medical w ards, learmng medicine from one i ‘ 
general phj’sician For the rest of his tutelage he is free to go on ward rounds, attend out-patient clinics, or 
iTsit special departments During that period he is not attached to anj' particular man The result is that the 
student gets to know mtimatelj’’ onl}'' the phj'sician or surgeon to whom he is apprenticed, and he gets the i 
impression that the medicine and surgery which are practised in special departments are of no moment 1 
Let us consider the other method of looking at orthopaedic surgery, — namety, as a small section of medi i 
cme that illustrates and typifies the w hole of medicme This, I think, should be its role in an undergraduate i 


medical school 

The orthopaedic surgeon can, bj reference to liis owm specialty, teach almost all the pnnciples of m^ 
cme He can show examples of inflammation, degeneration, disordered growth, new growth, repair, disorde 
nenmus actmtj', endoerme disturbance, and faulty nutntion These are examples which are visible, s 
pathological processes can be seen and felt In fact, onl3'’ the dermatologist has a better opportumty or 
teaching the prmciples of medicine Moreover, w hen the orthopaedic surgeon operates upon a patient, o 
IS able to judge the results of his treatment It does no good for him to try to gloss over his failures becauM 
his patient wiU not let him As a consequence, the orthopaedic surgeon is much more inchned to hesita e an 
to ask himself “If I do this»to nj3' patient, shall I benefit him or shall I do him harm?” 

How much time should be allotted to orthopaedic surgeiy^? This depends not only upon the m 
importance of the specialty, but upon the teaclung abilit3’^ of the surgeon in charge I can conceive ^ 
orthopaedic department having at its head an extraordinarily fine techmcian w ho is a poor teacher ^ 
were the dean m that school, I w ould allow' the students to pay only a cursorj' visit to the 
ment On the other hand, I can conceive of the orthopaedic surgeon, besides being a brilliant tec ni^ ^ 
bemg an inspned teacher I can conceive of that much more easily because I had the good 
brought up and taught by a very famous teacher, the late Mr Rowley Bristow' If I were dean, 
send students as often as possible to the orthopaedic department w Inch had a man hke Mr Bnstow 
head The difficult3' is that the dean cannot be constantlj' changing the student's curriculum 
When the student goes into the wards for his in-patient dressing, I would not aUow him to 
whole of that time with one man, but make lum rotate so that he w ould see half a dozen different 
geons Sitting in succession at the feet of different surgeons would disabuse his mind of the idea n 
can be learned only from the general surgeon With this system the student w ould learn his surgery ^ 
velop his surgical mind from the man w ho taught best, w hether that surgeon be an abdomma 
plastic surgeon, an orthopaedic surgeon, or any other kind of surgeon 

I beheve the orthopaedic surgeon should teach general principles of medicine For examp e, -s 

three such conditions as hyperth3Troidism, peptic ulcer, and perhaps s3movitis of the knee as co ^ 
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imihr probloin of nliat t o do if an organ of the body secretes more than is needed, because the principle 
if t^atmcnt is the same \ ou either diminish the amount of secretion or neutralize it, or you take an ay part 
if the organ th it is secreting it 

Finally, concerning lioiy the surgeon should teach, I believe the more dogmatic the teacher is, the better 
s the teaching However, the teacher should mitigate the effects of his dogmatism by instiUing skepticism 
nto the minds of the students 


F IT Anr:ST\D, RI D , Council on Medical Education and Hospitals, American Medical Association, 
jhicago, Illinois First , let me express to this Committee the appreciation of the Council in having an oppor- 
, unity to participate in this meeting 

The Council, as you know , is prinmnly concerned with medical education, both at the undergraduate and 
jhe graduate le\ cIs Of course, w c arc dceplj' interested m the opinions and the experiences of this group, and 
,he planmng of effective teaching in the field of orthopaedic surgery This is a particularly opportune moment 
or a meeting of this tj^ie in relation to the w ork of the Council, because we will begm very shortly to conduct 
mother major sunmy of medical education in the Umted States, similar to the program that was earned out 
m 1934 to 1935 by Dr Wciskottcn, w ho at the present time is Chairman of the Council From this discussion 
md the presentation of papers tins afternoon, I assume that the major objective is to develop a model plan 
that can be used as a guide to orthopaedic departments in the vanous schools throughout the countr 3 ' 

I think we should keep in mmd that wdiiie a gmde is useful, it should not be developed as a fully stand- 
ardized plan, because you can never really standardize teachmg itself It can be useful, I am sure, in develop- 
_ mg some suggested methods, particularly an earlier introduction of students to an understanding of ortho- 
paedic surgery as a whole, so that they may be able to comprehend more readily what is involved when, in 
their tlurd and fourth years, they come into actual contact with orthopaedic problems I was particularly 
impressed with one of the objectives that w as stated by one of the discussors, who said that the plan of teach- 
ing should also serve to stimulate the student This inspirational teachmg comes from the men who, by spe- 
cial qualities, interest, and enthusiasm, are able to stimulate their students 

I believe the meeting has also showm the need for further conferences of this type, as many different 
views have been exiiressed that wall need further consideration m times to come 

I should like to read a statement w hich I brought wath me that may express m some measure the views 
of our office, 3 ou wall sense, as I read this, that we are thinking primarily in terms of practical education, 
less m terms of didactic instruction 

"Medical directors and medical educators as a group beheve that in the teachmg of the surgical spe- 
cialties, stress should be placed pnmanly on the basic pnnciples of pathology, physiology, diagnosis, and 
therapy rather than on techmques and details As much as possible, instruction should be correlated with 
instruction in general medicine and surgery and wath the preclimcal sciences 

“It IS generally recogmzed that there is not time in the undergraduate course to train students in the 
techmques of the various surgical specialties Adequate traming m surgical techmque can be acquired only 
during the internship and residency years Therefore, it is recommended that in the undergraduate teaching 
of the surgical specialties, expositions and discussions of techmcal procedures be reduced to the mimmum 
that is necessary for ifn understandmg of the pnnciples of therapy With the elimination of detailed instruc- 
' tion in surgical techmques, there has been in the past twenty years a general reduction in the number of hours 
assigned to the vanous surgical specialties m the undergraduate curnculum 

"In the surgical specialties, as in all other chnical subjects, the course of instruction should be bmlt pri- 
®Mily around work with patients with a mimmum of Straight didactic instruction Whenever possible, the 
- student should be given the opportumty to work individually under supervision in the out-patient depart- 
ment or on the hospital wards ” 

There is one other point that I should hke to raise ns a question of approach It was mentioned today, I 
beheve by Dr Green, that orthopaedics ought to have 20 to 25 per cent of the time devoted to surgery I am 
lust wondenng if that is the nght approach to the problem, although it is a good statement to be brought 
before a conference of this type because all of you have an opportumty to carry these thoughts and discus- 
sons back to your schools 

The reason I^m questiomng the approach is that it imphes you are going to take something away from 
surgery or from some other specialty Actually, surgery will need whatever time is required to do its work, 
so Will all the other specialties in medicme The time element should be considered from the standpoint of the 
' mtire curnculum, as any additional time that is needed noight come from obstetnes, from mtemal medicine, 
trom psychiatry, from surgery, or from some other field, but would not necessarily be a reduction of general 
^Jurgical traming m order to give orthopaedic surgeiy an additional amount 

I beheve also that Dr Green brought out an important point, mentiomng that time itself is not alw aj s 
"he most important factor Rather it is the effective utilization of time, and therem lies that qualiti of teach-- 
w fneh enables instructors to piesent a subject wath interest aad arti ti.? greMest laJ c to students 
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SUMMARY 


Bt a Bruce Gill, M D 


At first glance it might appear that the opinions expressed by the speakers who have participated id 
this symposium ar? very diverse and even, at times, irreconcilable, but a careful study of them reveals tha* 
there are fimdamental pomts on which many of the speakers agree 

1 The majonty of medical students will become general practitioners The student’s undergraduate 
training and his subsequent experience as an mtern m a hospital must fit him to enter upon his practice 
If he has not had good basic traimng m the medical school, he wiU be greatly handicapped dunng his mtera 
ship When he has completed his internship, he has not been trained as a specialist The general practitioner 
will be called upon to exanune and to treat all sorts of diseases and inj lines, and at times to refer a patient to 
the proper speciahst, if one is available Undergraduate teaching must, therefore, include the basic principles 
of the specialties, but should be hmited to the fundamental things which every “doctor” should knon 

It might be mentioned that the teachmg of the basic sciences should be subject to the same hmitation 
The medical school should not graduate specialists m anatomy, physiology, pathology, biochemistry, or 
bacteriology The question may well be asked whether m medical schools too much time and too much 
emphasis is given to one or more of these basic sciences Should it be essentially a school for pure science or 
a school of applied science’ If the latter, then the application of the pure sciences to the practice of medicine 
should go hand in hand with the teaching of the basic sciences For example, descnptive anatomy and 
functional anatomy should be taught together If an orthopaedic surgeon should be called upon to asad 
in the anatomical department m teachmg body mechames and its apphcation m surgery, no more time 
would be required than is at present allotted in the cumculum In fact, time could be saved and the students 
would receive more mterestmg and profitable teaching 

2 Orthopaedic surgery is a large and important branch of surgery as a whole The teachmg of the base 
facts and pnnciples of the surgery of the musculoskeletal system can be done better by an orthopaedic 
surgeon than by a visceral surgeon Inasmuch as the fundamental pnnciples of surgery are apphcable to all 
parts of the body, the orthopaedic surgeon is participating m the teaching of surgery as a n hole and is demon 
stratmg the application of the basic sciences and of medical and surgical pnnciples in his own particular field 
of surgery Furthermore, the opportumty of teaching methods of complete and accurate examination are 
unexcelled in any other branch of surgery As emphasized by many' of the speakers, the orthopaedic surgeon 
should not be teachmg his students to become specialists, but he should be given the opportumty m the 
curnoulum to do the thmgs which have been mentioned and which he is pre-emmently fitted to do Tk 
means that the abihty and the service of the orthopaedic surgeon should be utihzed much more commonii 
than they are at present m many of our medical schools 

3 An intimate and unselfish cooperation of all departments of surgery is essential to the best 

If one administrative officer should head the entire department of surgery, he should be as broadmm 
and have as vnde a vision as Dr Gallic The chiefs of all departments of surgery should meet m conferenre, 
whether or not there is one administrative head, to determme what and how and by whom surgery sno 
be presented to the students , 

My onm observation over a penod of many years has been that too often m our medical senoo s 
vanous departments of teaching have, from the veiy circumstances of their inception and develops j 
pursued each its own mdependent way, mth lack of cooperation and even with jealousy and conflict am 
themselves 

There should be a umty in the teachmg of medicine, each part contnbutmg its quota to the u 
whole What that whole should be cannot be determined by any one man or by a small dictatonal group 
men It must be attamed by free and rational discussions by the heads of all the vanous departmen 
teachmg 

4 There is no difference m opinion as to the value of the use of audio-visual methods in 
remarks of Dr Chandler and Dr Barr deserve full consideration Means should be taken vhere y a 
visual aids may be available in aU of our schools of medicine 

Note The Committee regret that, because of restrictions of space, it has been necessary 
cussions prepared by the following men Lenox D Baker, M D , Durham, North Carohna, P 
M D , Chicago, Illinois, Paul B Steele, M D , Pittsburgh, Pennsylvania, and Peter B Wngh , 
lanta, Georgia 
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News Notes 

THE AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS 

The Sixteenth Annual Meeting of The American Academy of Orthopaedic Surgeons will be held at the 
Palmer House, Chicago, Tamiary 22 to 27, 1949, under the presidency of Dr Myron 0 Henry 

Registration ^^^ll begin at nine o clock Saturday mormng, January 22 Scientific and technical exhibits 
mil be rcadx for inspection at that time During the afternoon, the Audio-Visual Program will be presented 
under the chairmanship of Dr Charles N Pease, this program will be continued on Sunday mormng from 
nine to tnchc o’clock 

The Instructional Courses mil begin at tuo o’clock Sunday afternoon and continue until noon on 
Monday good ninot j of courses will be offered by a distinguished faculty 

On Mondnj evening, the Instructional Course dinner will be given, followed by an “Information Please’’ 
program similar to the one presented last year, at that time interestmg cases will be presented to “stump 
the experts’’ 

On Mondai afternoon, the first session of the Academy will be held, and the new members mil be 
presented mth their certificates Dr Henry mil give his Presidential Address, which will be followed by the 
first Executiie Session 

Tuesdaj mormng and afternoon, IVcdnesday mormng and afternoon, and Thursday until noon will be 
occupied bi an excellent Scientific Program, which has been arranged by the Program Committee under the 
chairmanship of Dr Lenox D Baker The second Executive Session will be held at noon on Thursday 

The annual banquet of the Academy will be held on Wednesday evemng Alumni dinners and other 
special groups will meet tins year on Tuesday mght, rather than on Monday mght as in the past 


THE AMERICAN SOCIETY FOR SURGERY OF THE HAND 

The Amencan Society for Surgery of the Hand will hold its Fourth Annual Meeting in Chicago on 
Januarj 21 and 22, 1949 The climcal program follows 

S PbIDAT, jANUAMi 21 

S 30 i V 

Pnman Nen'e and Tendon Repair By Joseph L Posch, M D , Detroit, Michigan (by invitation) 
Primarj' Tenorrhaphy By Vinton E Siler, M D , Cincinnati, Ohio 

Treatment of Severed Flexor Tendons in the Flexor Sheaths of the Fingers By R Sterling Mueller, 
M D , New York, N Y 

Acute Suppurative Tenosynovitis of the Hand By J Edward Flynn, M D , Boston, Massachusetts 
Median-Nerve Neuritis By George S Phalen, M D , Cleveland, Ohio 

2 00 p it 

Plastic Repair of the Cleft between the Thumb and Index Finger By Gilbert L Hyroop, Lieutenant 
Colonel, M C , Valley Forge General Hospital 
Thumb Web Contracture By L D Howard, Jr , M D , San Francisco, Califorma 
Adduction Contracture of the Thumb By Wilham Littler, M D , New York, N T 
Arthroplasty for Ankylosis of the Metacarpophalangeal Joint By F L Liebolt, M D , New T ork, N A 
(by invitation) 

DupU 3 dren’s Contracture By J M Bruner, M D , Des Momes, Iowa 

Satukdat, Januabt 22 

0 SO A M 

Skeletal Reconstruction in the Hand By William Metcalf, M D , Hines, Illinois 
Relationship of Superficial and Deep Reconstructive Surgery of the Hand By W Brandon Macomber, 
M D , Albany, New York 

Xanthoma of the Hand By Thomas W Stevenson, M D , New York, N A' 

Presentation of Cases By Sumner L Koch, M D , Michael L Mason, M D , and Harvey S Allen, 
M D , Chicago, Illinois 

The chmcal meetings will be held at Thorne HaU, Northwestern Umversity, 940 Lake Shore Dnve 
On Friday evemng at SLx-thuty, there mil be a dinner for members at the Umversity Club, 76 East 
Monroe Street A business meeting mil follow the dmner 


The Western Orthopaedic Association, under the presidency of Harold E Crowe, M D , mil hold 
Jts next Annual Meeting on October 19, 20, and 21, at the Biltmore Hotel, Santa Barbara, Cahfomia 
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BOOK EEVIEWS 


Hemostatic Agents With Particulak Reference to Thrombin, Fibrinogen and Absorbabm CEuri 
LOSE Walter H Seegers, M S , Ph D , and Edward A Sharp, M D , Sc D Springfield Ulmois Chari 
C Thomas, 1948 84 75 > . i= 

The authors have condensed into ninety-six small pages the recent work on their subject, salient point 
m the 370 references they cite have been summarized mto two hours of easy reading The outstanding co'v 
tnbutions of the writers in the punfication of bovine thrombin, and their demonstration of its clinical utilit 
and safety, as well as the major role of the second author in the studies on absorbable or oiadized cellultt^ 
have given them a first-hand knowledge of them field However, they have not attempted to make ns £ 
experts by this volume, but have confined their remarks chiefly to those phases of the subject of use t 
surgeons 

Their first chapter on the current concepts of clotting mechamsms is a model of lucid presentation of i 
complex subject Although they do not themselves point out the chmcal apphcations of some of the dah 
they give, one notes that “the higher the temperature below 50° C , the more rapidly a fibrm clot forms 
and that "heat inactivation of thrombm begins at about 40° C ” From these two facts one is remmded fh' 
the use of heat a httle above 40 degrees centigrade is still a worthw'hile adjuvant to the placement of gelstL 
sponge or oxidized cellulose soaked in thrombin for hemostasis Again they pomt out that plasma contaiL 
so much antithrombm that a given amount of plasma, when standmg mixed with an excess of thrombm, 
will destroy ten times as much as the total potential thrombin yield from the same amount of plasma Heim 
at operation, one should not contaminate the stock supply of thrombin by returmng blood-soaked pieces d 
sponge or cellulose to it 

Of special interest to orthopaedic surgeons are these facts (1) Thrombm as the dry powder maj t« 
rubbed mto bleedmg bone surfaces with prompt arrest of hemorrhage (2) Oxidized cellulose slows the repais 
tive processes m bone fractures, and hence should not be used where rapid formation of callus is desued 
Tins property may, however, be utilized in cases m which delay of ossification is desirable, as, for example, e 
the reconstruction of ankylosed joints (3) Oxidized cellulose will not dismtegrate and be absorbed m a 010:51 
area harbonng infection Only when the hemostatic effect of the cellulose offsets the disadvantage of po-"* 
operative drainage of the infection should it be used under such circumstances 

Chmcal applications for purposes other than hemostasis are mentioned The most important of these! 
the orthopaedic surgeon is the account of nerve suture by fibrin fixation Whether this represents a sigmfica* 
improvement in techmque will be determined only when the end results of the nerve sutures done bytk 
method m World War II are compared with those of other methods No figures of this type are availak 
as yet 

The authors are to be congratulated for assembhng so helpful a volume m such a succinct form 


Take Up Thy Bed and Walk David Hinshaw New York, G P Putnam’s Sons, 1948 S2 75 

Mr Hinshaw discusses the problem of rehabihtation of the physically handicapped individual, buti-i 
story concerns essentially the progress of this work at the Institute for the Cnppled and Disabled m M 
York City The Institute did pioneer work m this field as far back as 1917, and m World War II prouv 
trammg courses in rehabihtation procedures and techmques for members of the Armed Services Courees 
the handicapped are provided at the Institute m such skills as mechamcal drawmg, weldmg, jenelry maJaMj 
watch repairmg, sewmg, and the like As stated “Vocational rehabihtation is the process of developing® 
restormg the handicapped individual, m terms of his total situation, to the fullest physical, mental, seen 
vocational and economic usefulness of which he is capable” 

The importance is stressed of treating the patient as a whole, and not merely his disease Special erap 
IS laid upon orthopaedic conditions The scope of physical medicine is discussed, and mention is made o 
rehabihtation program sponsored by the Veterans Administration The underlying theme of the book, '| 
ever, is a plea for sympathetic understanding and help for the physically handicapped 


Guide for an Advanced Cunical Course in Orthopedic Nursing New York, National League o 
mg Education, 1948 80 60 

This pamphlet, prepared by the Subcommittee on Orthopaedic Nursmg of the Committee on os 
uate Chmcal Nursmg Courses, is No 6 m a senes deahng with the various branches of nursing 
qualified graduate nurse may enter The objectives of a chmcal course m orthopaedic nursmg-^ 
the “abihty to utilize orthopedic prmciples m all nursmg situations and to plan and carry out expe 
for patients with orthopedic conditions” — are mentioned, and a teachmg guide for such a course is se 
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TENDON TR VNSFI-]RS \ND ARTHRODESES IN COMBINED 
MEDUN VND ULN VR NERVE PARALYSIS'^ 

H\ J LIITLLR MD , NE^^ -iORK, N -i 

The impoitancc of the intiinsu mubOes in lelation to hand function becomes appai- 
ent following i lesion of both the median and ulnai neives A common mjuiy maj"- involve 
these two non es in the biachium oi at the wiist, wheie they aie closel}'^ lelated The func- 
tional lobs IS gieat and compensation is difficult Excellent exti msic-muscle function and 
good sensition ma's ictuin aftei neive sutuie, but the hand fiequentl}'- is claw'ed and len- 
deied almost useless thiough the loss of thumb opposition and fingei extension (Figs 
1-A and 1-B ‘ The pulp atiopln which often accompanies neive injuij’^ is a seveie dis- 
ability and m< ^ ' the ahead} impaiied pinch mechanism ineffectual 

This defoii I’t}’’ can be o^elCome paitially by appiopriate tendon tiansfers and 
aithiodeses, designed to lestoie muscle balance and to bung the thumb and fingei s into 
a functional position An effoit has been made to simphfj’' the tiansfei of the tendons, as 
it IS impossible to compensate foi all the complex intiinsic-muscle functions Fiequentlj’- 
theie IS a deaith of tiansfei able tendons, so that only the most important intiinsic func- 
tions can be consideied Successful tiansfeis depend upon adequate stiength and ampli- 
tude in the tendons, piopei mechanics, good joint mobiht}^ and fieedom of the tissues 
fiom cicatiix 

The maintenance of a mobile hand, fiee fiom contiacture, demands peisistent effoit 
dining the period of neive legeneiation and piioi to tiansfei of the tendons Fiequentlj 
the blood supply to the hand has been impaned, lesultmg in pain and stiffness If a sympa- 
thetic-neive block impioves the cnculation, a dorsal sympathetic neuiectomy may be 
indicated Repeated joint exeicises thiough the complete noimal lange, coupled with 
dynamic splinting to maintain the hand in a good position, will gieatly enhance the final 
functional result Special effoit must be made to prevent an adduction contracture of 
the thumb, a fixed hypei extension deformity of the metacaipophalangeal joints second- 
ary to contracted collateral ligaments, and flexion deformities of the inter phalangeal 
joints (Figs 2-A, 2-B, and 2-C) Excision of the collateial ligaments m an effoit to gam 
metacarpophalangeal flexion w hen inter osseous-muscle par al 5 ''sis is pi esent ma}'' fui tliei 
Clippie the hand bj'^ provoking the development of a marked ulnar deviation of the fingei s 
By leaving intact the collateral ligament on the radial side of the joint, enough relaxation 
can often be obtained to peimit flexion without undue loss of stability If the pioceduie is 
adopted, great care must be exercised to prevent damage to the extensor hood, whicli 
serves piimaiily to hold the extensor tendon m place over the apex of the metacaipo- 
phalangeal joint 

Opposition can be restored to a mobile thumb bj prolongation of any active wnst 
flexor 01 extensor tendon wnth a fiee graft, or bj’’ the use of a finger flexor of sufficient 
length so that it pulls from an insertion on the medial aspect of the proximal phalanx 
of the thumb, over the lateral aspect of the metacarpophalangeal joint toward the pisi- 
foim, superficial to the palmar fascia (Fig 3) The Bunnell silk technique i^ used between 

* Reid before the American Societj for Suigen of the Hind, Chicago, Rlinois J<inuin 23, 194S 
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Fig 1-A Fig 1-B 

Complete paralysis of intimsic muscles, show mg typical clcfoimitj' The atiophj, muscle imbalance, 
and loss of thumb opposition are clearly demonstiated bj’’ the flattening of the palm, external rotation oi 
the thumb, and hypei extension of the metacaipophalangeal joints of the fingeis Heie the action of the 
long extensors and flexois is unopposed, and tendon transfeis are necessary to restoie balance and 
opposition Good sensation and extrinsic-muscle function were gained through nerve suture in the 
brachium 



Fig 1-C 


Fig 1-D 


A useful hand resulted through the lestoiation of thumb opposition and stabilization of the meta 
carpophalangeal joints 



Fig 2-A Basic splint designed to mam tarn the functional position of the hand and P’'® „oplia 
formity m paralysis of the mtrmsic muscles The metacarpal arch is well developed, the 
langeal jomts are prevented from hyperextendmg, and the thumb is held abducted at a right ang 
palm m the functional position With h 5 fperextension checked, the intact long extensois ca 
extend the middle and distal phalanges . u n flpxion con- 

Fig 2-B Basic splmt with traction apparatus foi coriecting the adducted thumb and n 
fractures of the mterphalangeal jomts 


the graft and the tiansferied tendon, and his lemovable steel-wne technique is 
the mseition If an extensor tendon is used, the free giaft is passed subcutaneous y ai 
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(he ulnai aspopl of the hand When 
(he flexot caipi uln'ius is used, it is 
piolonged to the thumb vitli a ficc 
giaft thiough a loose pulle}'^ at the 
pisifoim A fingei flevoi, if available 
IS excellent foi motoi poi\ei, and, 
when opposition has been lost thiough 
a local 01 low mcdian-nei ve injuiy, 
the pioceduie of choice is a tiansfei 
to the thumb of the noimallj’’ fum- 
tiomng sublimis tendon of (he iing 
fingei, the flexoi caipi ulnaiis tendon 
being utilized as a pulley 

The abductoi pollicis bi e^ is alone 
IS able to pioduce excellent opposi- 
tion of the thumb, and it is the most 
impoitant muscle of the thenai 
gioup^® B}’- viitue of its mseition 
into the base of the pioximal phalanx 
and into the long extensoi , this muscle 
can stabilize the metacarpophalan- 
geal ]oint m abduction, flexion, and 
pronation, and can assist extension 
of the teimmal phalanx, — the essen- 
tial functional components of op- 
position Good lesults have been ob- 
tained by sutuung the tiansfei led 
tendon to the tendinous mseition of 
the paialyzed abductor polhcis bie^ is 
The tiansfei is simplified and the coi- 
rect mseition is assuied 

If a wYist fusion is a desiiable 
pait of the leconstructive progiam, 
the opponens transfer should piecede 
it, so that lelaxation of the tians- 
ferred tendon by wrist flexion can be 
obtained When splinting has failed 
to coirect an adduction contiactuie 
of the thumb and opposition is to 
be restored, the fiist metacaipal can 
be mobilized by excision of the con- 
tracted first dorsal interosseus, the 
flexor polhcis bievis, the adductoi 
polhcis muscles, and the fascia How- 
ever, if this IS done, a fusion of the 
metacarpophalangeal joint at 20 de- 
grees of flexion oi an adductoi -tendon 
transfei may be necessaij'^ foi stabi- 
lization 

The extensoi polhcis longus is a 
diiect antagonist to opposition, and 
in many cases the tendon is adhei ent 



Fig 2-C 

Collection of fi\ed hyperextension deformity of meta- 
caipophalangeal joints by elastic traction The pull is 
maintamed at right angles to the proximal plialanges fiom a 
point ovci lying the proximal interphalangeal joints Wrist 
exitnsion pievcnts forwaid slipping of splint and intei- 
fcrence of palmai bar with flexion of metacaipophalangeal 
joint Thumb tiaction is not shown The pull is directed 
tow aid the tubercle of the navicular 



Essential tendon transfers to restore opposition andfthe 
balance between the finger extensors and the intrinsic 
muscles in median and ulnar nerve paraljsis Slndi d iii is 
lejrrcscnt intrinsic muscles, compensated for b\ transfers 
In some cases it is necessary to stabilize in flexion for a 
hypercxtension deformitj of the thumb nietacarpophal in- 
geal joint A sublimis tendon is severed at the proxiniil 
interphalangeal joint, withdrawn at the wrist, and sjilit 
into four divisions Through a dorsolateral finger incision, 
the dorsal aponeurosis and lateral band are exposed , and i 
probe IS passed along the lumbrical canal and tendon she it li 
to the wrist, where the sublimis diiisions arc caught, with- 
drawn, and sutured Various muscles are used for power, 
but the principles of the transfers are unaltered 

EPB to ls( D I = extensor polhcis brc\is to fir'-t 

dorsal mtcrosseus . - , 

Jt Sitbhmts = extensor digitoruni sublimi« to lourtti 

d’g't ^ I 

p C U — flexor carpi ulnans 
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Fig 4-‘V Fic 4-B 



/olar Jafcrorfcous one/ lumbrjeal 
muscles mser/ m/o exfonsor 
aponsLueoJu f/on M p 

oxtene/ J P joinfs 

's/fp 

from cenfrnt 
ex/aasor 
■{•enc/on to 
Jaf-erol 
iand 

'aponeurosis one) 

'' leitcral band 

/Severed bilateraf/i/ 

/o correct extension 
dc/ormit^ resulting -From 
severely contracted intrinsic 
musc/es (paradoxical attitude) 

Fig 4-C 





Fig 4-\ Moderate ischaemic contiacture of 
pai ilj'-ztd intrinsic muscles prevents hj'^peiexten- 
sion of metacaipophalangeal joints and enables the 
long e\tcnsois to e\tend the mterphalangeal joints 

Fig 4-B Full flexion is prevented bj" the tight 
doi sal-extensor mechanism 

Fig 4-C When the dorsal-extensor mechanism 
IS so conti acted that flexion is gieatl}’^ impaired, 
the lateral bands and dorsal aponeurosis can be 
scveied, as shown, through a dorsal mid-lme m- 
cision ovei the pioximal phalanx This procedure 
leleases the intiinsic-extensor function, but retains 
its flcxoi action at the metacarpophalangeal joint, 
thus peimitting the long extensor to act on the 
mtei phalangeal joints 



Fig 5-A Fic 5-B 

Fig 5-A Restoiation of function of fiist doisal interosseus by tiansference of extensoi polhcis bievis 
Fig 5-B Opposition gained bj^ pi olonging flexoi cm pi ulnai IS with palmans longus graft Lumbricahs 
mteirosseous function lias been lestoied by fom-way splitting of img-finger sublimis tendon ana 
tiansfeience to dorsal aponeuiosis, as illustrated in Fig 3 


'Within its fibious sheath at the wiist In such cases the sheath must be opened and the 
tendon displaced to the ladial side of the 'wiist, into the subcutaneous tissue The tiansfer 
foi opposition can then be done -A splint should be worn until the tiansfeiied tendon 
has gained sufficient stiength and amplitude to maintain the thumb in the functional 
position 

In most hands the middle and teiminal phalanges can be extended bj'- the long 
tensoi tendons, if hyperextension of the metacaipophalangeal joints is pi evented^ Thi^ 
function is lost ■when the intimsic muscles which stabilize the joints aie paralyzed 
model ate conti actuie of the paialyzed lumbiicahs intei osseous muscles favors hand fiw® 
tion in combined median and ulnai neive mjmy by stabilizing the metacaipophalangea^ 
joints in paitial flexion oi by pi eventing then hypei extension, so that the intact long 
lensois can act to extend the intei phalangeal joints (Figs 4-A, 4-B, and 4-C) This 
doxical function is simulated by tendon tiansfeis, which seive as a checkrein on ex 
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I'lg O-V IntiinsiL-inusolc puiljsib with coni- 
plitt lo'-s of pioMiiiil iml distil iiitciph il ingoal- 
joint extension ^^ ( ikined long extinisoib had no 
iffict on till nnddh iih d inges \ihen the met i- 
c »r|)oph d ingt il joints nere held in flexion 

I'lg b-B Oiiiiosition \\ IS u stoied bj piolongi- 
tion of tlu flexoi ouin uliuiis with i fice giaft 
Finger extension w is giined b\ inolongition ol 
the dot iclicd ixtensoi ciipi iidiilis longus with 
flee tendon grifts (toe extensois) to the dorsil 
iponcurosis and Hteial bands of the fingcis, as 
shown in the sketch This tiinsfciied tendon 

pnmnilj flexes the met icaiiioplialangeal joint, but cooidmately, when metacarpophalangeal-joint 
flexion IS prevented bj the long extcnsoi, the foice of the transfei is then excited toward interpha- 
1 ingcal-jomt extension The w list h ul to bi fused foi stability Abduction of the index finger w'as pro- 
\idcd by transference of the extcnsoi pollicis bicvis to the tendinous insertion of the first dorsal interos- 
seus, and thumb flexion, by a tiansfci of the main extcnsoi of the little fingei to the long flexor of the 
thumb 



iF '4. 
\\ 


■v- 


Fig G-C Fig 6-D 

Final views showing extension and opposition A strong, useful hand lesultcd 

Sion of the metacai pophalangeal joints Restoiation of the lumbiicalis intei osseous ac- 
tion, metacaipophalangeal-joint flexion, oi stabilization and extension of the teiminal 
phalanx of the fingei , is gained by splitting into foui sti ands a detached sublimis tendon 
fiom eithei the index fingei, middle fingei, oi iing fingei These stiands aie passed from 
the Must thiough the lumbiical canals* to the doisal aponeuiosis and lateial bands of 
the fingei s, vheie, with the wiist and metacai pophalangeal joints flexed, they aie secuied 
With a lunning sutuie of stainless-steel xviie (Fig 3) Both the tendon and the aponeuiosis 
are loughened to ensuie union This technique has been fully desciibed by Bunnell 

Abduction of the index fingei is lestored by a tiansfei of the extensoi polhcis biei is, 
if w'ell developed, to the tendinous mseition of the paialyzed flist doisal interosseus 
(Figs 5-A and 5-B) (It would be unwise to saciifice a subhmis tendon foi this transfei * ) 
In most cases this tiansfei is combined with the tiansfei of the subhmis to the dorsal 
aponeuiosis In the case of the index fingei, when the abductoi tiansfer is done, the sub- 
liniis stiand is not passed thiough the lumbiical canal, but is sutuied to the lateral band 
on the ulnai side, wheie it selves to adduct and flex the metacai pophalangeal joint and 
to assist in teiminal extension (Fig 3) The lateral band on the radial side of the index 
fingei IS composed chiefly of the small lumbiical tendon, whereas on the ulnar side i( 
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Fig 7-A 


Fig 7-A Marked hyperevtension of 
the metacarpophalangeal joint of tin 
thumb, secondary to paralysis of tin 
ulnar innervated intrmsic muscles The 
palmai injury had destroyed the motor 
branch of the ulnar nerve Loss of ring 
finger extension vas restored by suturing 
the severed common extensor tendon to 
the adjacent intact extensor of the mid 
die fingei 


Fig 7-B The detached ring-finger 
sublimis tendon vas withdiaun through 
a palmai incision and vas passed trans 
versely beneath the flexor tendons to tin 
insertion of the adductor polhcis muscle 



y'^'Vanous Methods Jorl^estor 
tng hg Tendon Trans/ers 
the Functions of the First 
Dorsal Interosseous and 
/Idd actor Fa! has Muscles 
m Ulnar Merge Paralysis 

Fig 7-B 


E C R L = extensor carpi radialis longus 

E D V P = extensor digiti quinti proprius E P B = extensoi polhcis bievis 



Fig 7-C 


Fig 7-D 


The final photographs show the functional restoration vith good metacai pophalangeal stab i 
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lb foinicd by Ibc bliong \olai iiiloiobbcoub tendon-' and makes a bettei and moie dnect 
aftaehincnt foi the tiansfeiied sublimis 

A wiibt flcNOi oi e\lensoi tendon can bo piolonged with foui fiee giafts to the e\- 
tensoi aponcuiosis, if hngei sticnglh vould be jeopaidized by the use of a subbmis tendon, 
01 a piialyzcd sulihmis can be used 
b-v pmpo^^ellng it vilh an intact 
extensoi tendon Fowlei has siu- 
cessfully utilized the main extensoi 
tendons of the index fingei and lit- 
tle fingei foi flexion of the mota- 
cupopliahngeal joint 

If the middle and teiminal 
phalanges cannot be extended b^ 
the long extensoi s when the meta- 
caipophalangeal joints aie stabilized 
in mid-flexion, a tendon tiansfei 
fiom the volai aspect of the hand to 

the doisal aponeuiosis and lateial Combined median and ulnar nerve paralysis, resulting 
bands of the pioximal phalanx will f'om a wound involving the biachmm Nerve suture pio- 
1 j 1 nil , e 1 vidtd leaetivation of forearm muscles With sensation, but 

be inetiectual The tiansteiied no intnnsic-muscle function 



Fig 8 -\ 



Fig 8-B Fig 8-C 


Opposition w as restored through the flexor carpi ulnaiis and a free graft The ring-finger sublimis was 
split and transferred to the dorsal aponeurosis of each finger Fusion of the metacarpophalangeal joint of 
the thumb provided stability and coriected the hyperextension Good finger extension, grasp, and pinch 
w ere restored 



Fig 9- A Combined median, ulnar, and ladial nerve pinh sis Good flexion rtturiied iftcr non c sutiiic , 

imputatccl AcSte flcMoi, of the temiml pheliuges, rtsulliPB from ,„lrin<ic-m..-ck p.nh.i. „„i 

“'fIb of the thumb end mdot huger the p.uci, pu-utpu, . t.r 

ful hand w as obtained 


^OL 31-A IsO 2 APRIL 1949 




Fig 10- \ 


Fig 10-B 

Fig 10-A. Total loss of flexoi function and paralj^sis of mtiinsic muscles resulted from a gioss de- 
structive wound of the foieaim The median and ulnai nerves weie appioximated and a fan degree of 
sen^tion was lestoied to the hand A wiist fusion made active extensor tendons available for flexion 
of thumb and fingers, but the pool position of the thumb made the hand useless 

Fig 10-B B 3 fusion of the caipomctacupal and the intcrphalangeal joints, a useful thumb in good 
position was obtained 


:> 


Fir ll-\ 


/V 



Fig 11-A Permanent fixation of the 
fiist metacaipal in the position of opti 
mum usefulness bj^ an intei metacarpal 
strut of tibial bone ^ 

Fig 11-B Sketch illustrating the 
architectural prmciples involved in 
placing the bone strut between the first 
and second metacarpals 

1 The fiist metacarpal is held at an 
angle of 90 degrees to the palmar plane, 
and maj" be rotated from 30 to 45 de 
grees on its longitudinal axis 

2 An angle of 4S degrees is obtained 
between the two metacarpals at the 
carpus 

5 Lateral placement of the strut 
lotates the first metacaipal 


tendon tMll hate to be cained 
fioni each side of the fingei over 
the doisal apex of the pioximal 
intei phalangeal joint into the 
conveiging lateial bands of the 
middle phalanx, accoiding to the 
method of Fowlei (Figs 6-A to 
6-D) Full passne extension of 


Fig 11-B 


\ y' j the pioximal intei phalangeal 

jr Zojfcra/ pos/iffoyr o/’ ^ ^j^t is impei ative, if the ti ansfer 

recesses £X^er/K 2 //y successful A metal splint 

' \kL/ to hold the uiist and metacaipo- 

phalangeal joints flexed 

/ \ mtei phalangeal joints exten e 

Fig 11-B wnll gieatl}'^ facihtate the suturing^ 

If an additional sublimis tendon can be spaied, the palmai and thumb aiches can ^ 
lestored by sutunng one dnusion of the detached tendon to the adductoi polhcis inser 
and the othei division to the base of the pioximal phalanx of the little fingei on its 
aspect, 01 the entile tendon may be sutiued only to the adductoi polhcis inseition 
foimei pioceduie simulates the tendon T opeiation desciibed by Bunnell, and 
when both aiches aie to be lestoied, the lattei pioceduie is used m patients havingnn 
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liypcicxteiibion of the metucaipoph i- ^ — — 

hngeal joint of (he (luimb (Figs 7-A 

to 7-D) . ^ ^ 

The •iich of tlic thumb is mam- ' ^ 

tamed by the long abduct oi, the ad- ' "" 

duct 01 , and shoit flcxois, yhith pic- ' 

A cut hvpci extension of the mctacaipo- _ 

phalangeal joint If the joint is hypei- ~V 

extended when the adduct 01 and flexoi 
polhcis muscles aic paialyzed, the 

teiminal phalanx is pulled into flexion I— — — 

by the flexoi polhcis longus (Fioment’s Fig l2-\ 

sign), and m time an Ilieveisible Destruction of forcaim muscles and of median and ulnai 

flexion oontiietiiie of the inteinha- lesulted in total loss of useful hand function 

iiexion conn acini e oi cue imeipna- Sensation u as restored through nerve suture 

hngeal joint may icsult, gieatlj’^ im- 
pairing opposition When the intei phalangeal joint cannot be extended passively, oi if 
the long thumb extcnsoi cannot extend the teimmal phalanx when the metacaipophalan- 
geal joint is stabilized, a fusion of the mtei phalangeal joint at 15 to 30 degrees of flexion 
01 extension (the lattei onl}’' if pulp atiophy is seveie) will peimit useful opposition of the 
thumb to the fingeis When the intei phalangeal joint has been fused, the flexoi polhcis 


longus flexes the metacai- 
pophalangeal joint If the 
flexed tei mmal phalanx can 
be extended by the long ^ 

extensoi when the meta- 
cai pophalangeal joint ifa 
stabilized, and no tendon pj carpt 7 ^ — — 

IS available foi tiansfei, a Ulnans and Graft 

fusion of this joint at 20 
degiees of flexion and 10 
degiees of pionation wall make possible 


Eyt Carpi R L to Profundi 

Pj 3 fo /sfix / 




Fig 12-B 




active extension of the teiminal phalanx 
and gieatty impiove opposition (Figs 


Fig 12-B Finger flcMoii, thumb flexion and 
opposition, and indcx-fingci abduction were 
lestored by tendon transftis, as illustrated in 
sketch 

Figs 12-C, 12-D, and 12-E Despite the loss of 
intimsic-muscle function, the fingers foitunatelv 
did not claw and a good tunctional result was 
obtained 



Fig 12-C 
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8-A, 8-B, and 8-C) A tendon tiansfei foi opposition may lotate the thumb metacarpal 
and the pioximal phalanx into good position, but, if the teiminal phalanx lemains 
acutel}^ flexed, pulp opposition is not attained (Figs 9 -A and 9 -B) 

Amputation through the mtei phalangeal joints of the thumb and fingers is sometimes 
necessaij'- to eliminate the acutelj'^ flexed and atiophic terminal phalanges This provides 
a full}'- 1 ounded fingei tip and eliminates the added complexit}'- of interphalangeal function 
When an adducted thumb cannot be mobilized sufficientlj'^ by a tendon tiansfei, a func- 
tional position can be obtained either bj’' fusion of the caipometacaipal joint (Figs 10 -A 
and 10 -B) oi bj'’ budging of the fiist mtei metacarpal space uith a bone giaft (Figs 11 -A 
and 11 -B) Temporal 3’^ joint stabilizations aie sometimes useful m maintaining good posi- 
tion until tendon tiansfei s are functioning 01 until some defoimit}'- has been coriected 
A Kiischnei iMie passed thiough a joint will maintain position foi long periods of time, 
but, aftei lemoval, function will again be possible 

Volitional control of transfer led tendons is leadil}’- gamed if the inneivation of their 
muscles is unimpaired Paial3’-zed muscles which have regained function followung nerve 
sutuie often lack the highl}'’ individualized control and strength desirable for successful 
transfers It is fiequentl}’’ necessai}'’, however , to use such a muscle foi tiansfei m combined 
median and ulnai nerve injuries, but the results ma3’’ be good, especiall3’^ if only an auto 
matic checkiein effect is lequned to prevent h3'^pei extension of the metacaipophalangeal 
joints The stietch reflex seems to have some beaiing on the le-education of transferred 
tendons Following the thiee-week period of immobilization aftei operation, the patient 
must be trained caiefull3’’ in the use of the tiansfeis He must know what previous function 
has been altered, and his efforts must be directed toward volitional and S3meigistic control 
of the transfer led tendons 


CONCLUSIONS 

Residuals of a single-neive injui3’’, manifested b}" paial3'sis and muscle imbalance, 
aie leadil}'- compensated foi b3’’ appropriate tendon transfers The piocedine becomes 
complicated when an}’’ tw'o nerves aie involved Coiiect evaluation of the paitially paia- 
lyzed hand must be made and available tendon powei must be concentrated w’heie it vdl 
be effective m lestoung useful function Piopei aithiodeses wall provide stabilization and 
make additional pow'ei available foi transfer Not infiequentl}’’ it is necessary to fuse the 
WTist 01 the thumb, 01 both, in a position of function, and to tiansfei wiist-extensor 
tendons, if a good pinch and giasping mechanism is to be gained In badlj’ ciippled hands 
onl}^ a pinch mechanism may be possible, but to that end we should concentiate our 
effoit, if we attempt more, potential power ma}’’ be dissipated and a useless hand vu 
lesult 
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SURGICAL APPROACHES TO THE SHOULDER JOINT 


B\ LnRO\ C VBBOTT, M D , TOHN B DEC M SAUNDERS, M B , HELEN HAGEY, M D , AND 
ELLIS AV JONES, JR , M D , SAN FRANCISCO, CALIFORNIA. 

From the Ihvimot} of Orthopaedic Singcnj and the Division of Anatomy, University of California Medical School, 
the Veteiaiis idministration Hospital, and the Children’s Hospital, San Francisco 

The shouldei loinl is a comple\ mechanism consisting of the sternoclavicular, the 
aciomioclaAuculai, and the scapuloliumeial joints, togethei AAuth the virtual joint betiveen 
the scapula and the thoiacic cage Contiary to tiaditional teaching, elevation of the 
aim IS accomplished bj’’ movement occuiimg simultaneously in the several joints, acting 
as a single unit to pioduce that smoothness of motion aptly termed “scapulohumeral 
rliA'thm” Opeiations upon anA^ of the joints ot the complev must be planned with the 
idea of minimum mteifeience AVith then gliding sui faces and Avith the ligaments and 
muscles aaIhcIi suppoit and contiol then movements For example, ankAdosis resulting 
from an opeiation on the aciomioclaviculai joint peimanently disturbs the ihA^hm and 
reduces the lange of motion in the shouldei as a W'^hole Theiefoie, theie are two features 
A\hich demand majoi consideiation fiom the suigeon The first of these is a realization 
of the functional and d 3 mamic aspects of the shoulder complex The second is an accuiate 
anatomical knowledge \Adiich ivill enable him to cairA”^ out the contemplated procedure 
with the least possible distuibance of function Although these joints opeiate as a unit, 
the suigical appioaches to each one should be considered sepaiately 


Swgical Anatomy 


THE sternoclavicular JOINT 


The steinoclaviculai joint is established by the articulation of the medial end of the 
claAncle Avith the claAOcular notch of the manubrium steini and the superior suiface of the 
first costal caitilage The bony suifaces of the aiticulation are sepaiated by an intra- 
articulai fibiocaitilagmous disc, and the entiie joint is isolated by a capsule, reinfoiced 
m front and behind by the anteiioi and posteiioi steinoclaAocular ligaments, of AA'hich 
the posterior is by fai the moie substantial The joint is stiengthened by tivo accessoiy 
ligaments, the inteiclaAoculai and the costoclaviculai The mteiclaiaculai ligament is 
attached to the lOUgh, uppei poition of the medial end of the claincle on each side, blends 
AAoth the supeiioi poition of the capsulai ligament, and is adheient at its middle to the 
centei of the supi asternal notch The stiong, short, costoclaviculai ligament passes from 
the costochondral junction of the first iib to be attached to the tubercle on the mfeiioi 
aspect of the clavicle, neai its medial end (Fig 1) 

Functionally, the joint peimits elevation and depiession of the claincle Avith the coi- 
responding moAmments of the arm, foiwaid and backward movements Awth letraction and 
protiaction of the shouldei, as well as ciicumduction In addition, the steinoclaAOcular 
joint, together Avith the aciomioclaAnculai, peimits lotation of the claA’’icle about its long 
axis during elevation of the exti emity All these moA'^ements, Avith the exception of the back- 
Avard and forAvard motions, occur in the lateral compaitment of the joint betAAeen the disc 


and the clavicle 

Two featuies of the joint are of special impoitance to the suigeon First, it should be 
recognized that the integiitA'' of the joint is dependent m greatest measure upon the 
accessory ligaments, notabl}'’ the costoclaAucular Second, the lelations of the joint, es- 
pecially the intimacy of the gieat Amins of the neck to the posterior aspect and the close 
relationship of the pleuia, must be boine in mind The fiist point is of significance in the 

*Road at the Joint Meeting of The A.mencin Orthopaedic \s«ocntion The Ortliopaedic 

Association, and The Canadian Orthopaedic Association, Quebec, Cinada, June C, 194S 
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B The acromioclavicular joint, the pectoial muscles, and ihc cosiocoiacoid mcmbiane 
C The sternoclaviculai joint t R \ C 

(Repioduced, bj’’ peiniission of Appleton-Centuiy-Ciofts, Inc , fiom chaptei by hetlo} 
Abbott, M I) , to appeal in Operative Technic, edited by Wai len H Cole, M D ) 

mechanism of dislocation and establishes the pimciples foi its lepaii, and the secon 
constitutes hazards in opeiative appioaches 

bUlU 


HIE JOUKNAL or llOAE AAD JOINT 



SUUOICMi MM’HO \cirrs TO till SIlOULDKIl JOINT 
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1 hoiofou', (ho iiiipoi taut stuicliuies on the anteiioi and supeuoi aspects of this joint 
uo du' ujipoi (ihoi'i of (ho poo(oiahs majoi, the steinal head of the steinocleidomastoid, 
uul, in olo^o plo\Inll(^ , (ho (lavioulai lioad of the same muscle nith the anteiioi and e\- 
(ounl jURuIu \oms disappoaimfi, honoadi (he medial and lateial boideis of the muscle, 
lospcctn olv Posloiioi (o the mcdnl inch oi the clavicle aie the attachments of the steino- 
hyoid and slcinodivioid muscles, which sepaiate the bone liom the innominate vein, 
phionic none, 111(01111! mamniaiy iitoiy, pleiiia, and lung fiom befoie backw^aid The 
iigh( joint IS lel itcd poslciioily to the innominate aiteiy, in addition The left joint is in 
especially close lolationsliip to the iniioniiiiate vein,— so much so that the vein may be 
adheieiit to it ami, w ith laieless manipulations, theie may be dangei of damage to its ivalls, 
pioducmg hcmoiihage 01 thiombosis 

Appioachck to the Stcnwclanculai Joint 

A Imtications The indications aie 

( 1 ) lecuiient and disabling dislocation of the joint, 

( 2 ) infection lequiimg diainagc, and 

( 3 ) tumois imolvmg the joint 

B Position of the Patient The patient is supine w itli a small sandbag placed betw^een 
the shouldei blades 

C Incision A stiaight 01 cuu ed incision is made thiough the skin, evposing the cap- 
sule of the joint and the two heads of the sternocleidomastoid The joint surfaces aie then 
exposed bj"^ cuived division of the capsule and by subpeiiosteal leflection of the heads of 
the steinocleidomastoid Thiough this appioach the joint can be inspected thoioughly 
When tumois involve this joint, a moie extensive dissection may be lequned, wuth ligation 
of the anteiioi and exteinal jugulai veins 

THE XCROMIOCLAVICULXR JOINT 

The aciomioclaviculai joint is the diaithiosis occuiimg between the lateial end of the 
clavicle and the anteiomedial maigm of the aciomion (Fig 1 ) The opposed aiticulai 
suifaces he in an oblique plane wdiich passes dowmw^aid and medially The w'eak capsule, 
thickened above and below^, contains a wedge-shaped aiticulai disc wdiich piotiudes into 
the joint cavity fiom the uppei poition of the capsule The joint is stiengthened by an ac- 
cessoiy ligament, the coiacoclaviculai, w'hich extends fiom the uppei suiface of the coia- 
coid process to the mfeiioi aspect of the lateial end of the clavicle The coiacoclaviculai 
ligament consists of two portions the trapezoid ligament, lying anterolateially and at- 
tached to the tiapezoid iidge of the clavicle, and the conoid ligament, placed posteio- 
medially and affixed to the conoid tubeicle at the apex 01 summit of the cuivatuie m the 
lateral thud of the clavicle The interval betw^een the twm segments is occupied by a 
buisa, which lessens the fiiction between them dm mg motion The coiacoclaviculai liga- 
ment constitutes the important stiuctuial support of the aciomioclaviculai joint and, 
apart fiom muscles, the entire upper extremity is suspended fiom it Dislocation of the 
aciomioclaviculai joint cannot occur wuthout damage m gieatei 01 less degree to this 
accessory ligament, surgical lepaii of wduch is often necessary when the dislocation is 
complete 

Functionally, slight gliding movements in vaiious diiections aie permitted at the 
aciomioclaviculai joint, which seive to maintain an unchanged lelationship between the 
glenoid cavity of the scapula ovei the head of the humeius m all positions of the extremity 
How evei, of fai gi eatei importance is the lotation of the clax icle about its long axis during 
elevation of the extremity This lotation, amounting to approximate^ 45 degrees, enables 
the cuived outei end of the clavicle to act as a ciankshaft Since the coiacoclax icular liga- 
ment IS attached to the apex of this ciank, these stiuctuies undergo lelitne elongation 
duimg elevation which, m turn, permits the complete rotation of the scapula Interruption 
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of this movement of claviculai lotation immediately limits active abduction to about 90 
degiees, although the extiemitj^ can be earned passively to about 110 degiees Fuithei- 
moie, in leconstiucting the coiacoclaviculai ligament by the fascia lata oi othei mate- 
iial, the new ligament should, in oidei to piesei ve the functional mechanism, be attached 
to the cla-sucle well posteiioily, at the ape\ of the lateial cuive oi along the tiapezoid line 
Otherwise, some lestiiction of motion can be anticipated 

Approaches to the Aci omioclaviculai Joint 

A Indications The indications aie 

( 1 ) aci omioclaviculai dislocations, 

( 2 ) fiactuies involving the joint, 

( 3 ) infections, and 

( 4 ) aithiitis 

B Position of the Patient The patient is in a sitting position, vith the shouldei ex- 
tending veil be3mnd the edge of the table and with the aim at the side 

C Incision Foi lepaii of the coiacoclaviculai ligament, an extensnm exposiiie is 
geneiall}'- lequiied, such as is desciibed by Roberts Beginning at the angle of the acromion, 
an incision is made oxmi its lateial and anteiioi maigins, thence acioss the acromioclavicu- 
lai joint and along the anteiioi suiface of the lateial one-thud of the clavicle, from here 
it turns dovmxaid and outvaid to follow the gioove between the pectorahs major and 
deltoid muscles Heie, the coiacoid piocess is a xmluable guide, since it lies one inch beloii 
the junction of the middle and lateial thuds of the clavicle, w heie it is coveied by the inner 
maigin of the deltoid Bj'' the sepaiation of the pectoiahs majoi and deltoid, the cephalic 
xmin IS lexmaled as it passes obhquel}'' upwaid and backwmid to pieice the costocoiacoid 
membiane, xx heie it joins the a\illai3'’ xmin The xmin should be piesei ved within its sheath, 
and leti acted mediall3'' with a thin section of the deltoid Folloxving this, the origin of the 
deltoid is detached fiom the claxucle xx ith a thin shaxung of bone This pioduces less bleed- 
ing than when a stiictly subpeiiosteal detachment is made In oidei to peimit leflection 
of the oiigin of the deltoid lateiall3'-, the deltoid blanches of the aciomiothoiacic axis 
aie ligated The coiacoid piocess is then exposed, and on it ma3’' be seen the inseition of 
the pectoiahs minoi and the combined oiigin of the shoit head of the biceps and the 
coiacobiachiahs The lepaii of the coiacoclaxuculai ligament ma3’' be accomplished bj' 
an3r one of a xmiiet3^ of techniques, such as those emplo3md b3'’ Bunnell, Bankait, or 
Loxx man 


THE SCAPULOHUMERXL JOIAT 

Surgical Anatomy 

The scapulohumeral joint is established b3’’ the aiticulation of the laige hemispheiical 
suiface at the humeial head xxitli the compaiatixmb'- small and slightly coneax^e suiface 
of the glenoid caxut3’- of the scapula The glenoid is deepened and enlarged bj’’ the piesence 
of the labium glenoidale oi so-called glenoid ligament, a iing of fibiocaitilaginous tissue 
tiiangulai in section, attached to the peiiphei3'- of the caxut3'’ The joint is stiengthene 
above by the so-called "aich of the shouldei ”, formed b3’' the coiacoid piocess, the acro 
mion, and the coiaco-aciomial ligament The capsule, exceeding^'' lax, is attached pi ox 
imally to the labium and the iim of the glenoid cavity, blending diiectly aboxm xvitli t e 
intia-aiticulai attachment to the long head of the biceps, distalb^ it enciicles 
and IS fused superioily xxuth the anatomical neck of the humeius, but inferomedia 3 i^ 
extends on to the suigical neck, about half an inch beloxv the head The capsule is lein oice^^ 
supeiioily by the coiacohumeial ligament, moiphologicalb^ a continuation of the en 
of the pectorahs minor, and anteiioily by the three ill-defined glenohumeial 
The anteiioi aspect of the capsule piesents a deficiency of xmi3ang size, througi i' 
herniated a portion of the synoxual lining of the joint to establish the subscapu an 
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1 he long head of the liu eps aiises within the joint fiom the supiaglenoid tubeicle and 
hlends \\ i(li (he lain uin glenoidale It tiaveisos the joint, lesting on the uppei suiface of the 
held of (he hnmeius, (o leach the inteitubeiculai gioove The mtia-aiticulai poition of 
(he tendon is siuiounded by svnovial niembianc, which is earned b3'’ the tendon foi some 
distance beyond the capsulai attachment to foim a second sjmovial herniation The tendon 
IS held in jiosilion by means of (he tiansveise Immeial ligament, an insignificant stiuctuie 
loofing the inteitubeiculai gioove hlaintenance of the tendon m its gioove is dependent 
in laige measnie on (ho thickening of the lateial maigin of the capsule, nheie it budges 
the intoiyil between the gieatei and lessei tubeicles, and on the tendon of the pectoiahs 
majoi, as it p isses lateiallj' to its inseition on the lateial hp of the gioove Consequentlj’^, 
dislocation of tlie tendon can ocuii only in the medial diieetion Functionally, the humeius 
glides on (he temlon duiing motion toi a distance of almost an inch, and tire sjmovial 
pouch peimits this to occui without (iiction The piesence of an adhesive tendinitis, 
theiefoie, not only limits motion, but, by pulling upon adhesions, lesults in the pioduction 
of pain 

The stiuctiiies in immediate lelationship to the joint aie the short lotatoi muscles 
Active siippoit to the anteiioi aspect of the joint is aifoided bj’- the tendon of the sub- 
scapulaiis, inseited into the lessei tubeiositj’’ of the humeius and sepaiated fiom the 
capsule bj’’ the subscapulaiis buisa Supeiioilj-^ is the tendon of the supiaspinatus, and pos- 
teiioilj’- the tendons of the infiaspinatus and teies minoi These muscles inseit, fiom befoie 
backwaid in the oidei named, into the gieatei tubeiosity of the humeius The mfeiioi 
aspect of the joint is unsuppoited and lies m lelationship to the so-called quadiilateial 
space The tendons of the foui muscles mentioned blend wnth one anothei as a musculo- 
tendinous cuff which, m a sense, constitutes a partial secondary capsule foi the joint Be- 
tween the musculotendinous cuff and the capsule exists a small quantity of aieolai tissue, 
which selves as a gliding plane dm mg musculai activity The gieat impoitance of the 
musculotendinous cuff in maintaining the integiity of the joint should be boine in mind 
constantly Fuitheimoie, these shoit muscles, especially those lying on the anteiioi and 
posteiioi aspects, constitute one of the essential components of the foice couple, which is 
the essential mechanism foi active elevation of the arm The deltoid alone is incapable of 
abducting the humeius wnthout the intei action of these small muscles 

The deltoid hangs like a cm tain fiom the ovei lying aciomial arch, covering the an- 
teiioi, lateial, and postenoi aspects of the joint It aiises fiom the lateial thud of the clavi- 
cle, the lateial bolder of the aciomion, and the mferioi boidei of the spine of the scapula, 
to mseit into the deltoid tubeicle on the middle of the lateial bordei of the shaft of the 
humeius (Fig 3 ) Foui featuies of importance present themselves to the smgeon in connec- 
tion w ith this muscle First, the origin of the muscle extends foi some distance on the supei loi 
aspect of the bones, fiom which it aiises in the foim of tendinous fibeis These fibeis, bi 
blending with the peiiosteum, peimit suigical detachment of the musculai oiigin with a 
consideiable boidei of connective tissue, which leadilj'’ peimits leattachment without un- 
due tension on the sutures Second, in close lelationship to the muscle oiigin and beneath 
it he a gioup of vessels following the oiigin ciicumfeientialty which, if sought foi and li- 
gated in the legion of the anteiioi poition of the muscle, peimit detachment with little 
01 no hemoiihage Third, the region of the muscle lying appioximately opposite the tip 
of the acromion piocess piesents a tendinous inteival, an inch and a half to two inches in 
length, which enables the smgeon to split the muscle at this point through a lelatnely 
bloodless field A fouith feature of impoitance is the piecise relationship of the axillai\ 
neive, w^hich will be discussed later 

Beneath the deltoid lies the subdeltoid oi subacromial buisa This buisa is leij ex- 
tensive and not onlj" lies between the deltoid muscle and the greater tubercle of the 
humeius, but extends beneath the aciomial arch and the coraco-aci omial ligament aboio 
the joint as far medially as the lOot of the coracoid process lu ' floor ^hoiefo 
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musculotendinous cuff, the 
tubeicles of the humeuis, and 
the mteitubeiculai sulcus An 
excellent descnption of the de- 
tailed anangement of this 
buisd IS to be found m Cod- 
man’s book. The Shoulder 
The pectoiahs major, ans- 
ing fiom the medial poition of 
the claAucle, the anteiioi as- 
pect of the steimim, the uppei 
libs, and the aponeurosis of 
the exteinal oblique, is in- 
seited b3’^ means of a flat, 
bilammai tendon into the lat- 
eial bp of the mteitubeiculai 
gioove The claviculai head 
passes anteiioi to the stei no- 
costal head to mseit moie dis- 
tallj’’ and blend iMth the ten- 
dinous msei tion of the deltoid 
The uppei sternocostal fibeis 
1 un iindei covei of the clavicii- 
lai poition and fuse with the 
deep sui face of its tendon The 
louei steinocostal fibeis and 
those aiismg fiom the apo- 
neuiosis cuive upwaid behind 
the uppei steinocostal fibeis, 
to extend be3'-ond then m- 
seition as a fascial expansion, 
which sti etches ovei the bi- 
ceps tendon to blend with the capsule of the shouldei joint 

The cephalic A'^ein lies in the deltopectoial gioove, foimed b3'- the adjoining maigms 
of the deltoid and pectoiahs majoi, iespectnml3f Heie the vein is associated with tiibuta- 
iies fiom neighboimg stiuctuies and, as it passes upvaid, it occupies a piogiessively 
deepei level, eventuall3^ pieicing the costocoiacoid membiane to join the axillaiy i^ein 
The cephalic Amin is, theiefoie, a useful guide to the axillai3'- Amssels 

Undei coAmi of the anteiioi boidei of the deltoid lies the coiacoid piocess, fiom which 
the coiacobiachiahs and shoi t head of the biceps aiise and into ivhich the pectoiahs minoi 
IS mseited The foimei muscles, theiefoie, haAm a close anteiioi lelationship with the joint, 
and the tendon of the pectoiahs minoi is fiequentl 3 ^ exposed in opeiative appioaches 
Medial to the coiacobiachiahs he impoitant blanches of the biachial plexus and the giea 
Amssels, theiefoie, exploiation on the medial side of this muscle should be undei taken wi 
especial caie 

Posteio-infeiioil3'- aie the tendons of the latissimus doisi and the teies majoi, loimi b 
the posteiioi Avail of the axillar 3 " space The tendon of the latissimus doisi Avinds 
that of the teies majoi to inseit into the flooi of the mteitubeiculai gioove, Aiheieas 
teies majoi nisei ts into its medial hp 

On the infeiioi aspect, bounded lateially by the shaft of the humeius, beloAV 3 
teies majoi, medially by the long head of the tiiceps ansing fiom the infiaglenoid tu ei 
and aboAm by the subscapulaiis, capsule of the shouldei joint, and teies minoi, 
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Fig 2 

Dissection of the iiinci asjiect of the left deltoid, demonsti iting 
the location of the axillai j' neivc The course of the nerve lies about 
tAAO inches below the oiigin of the muscle Detail of one bianch 
shoAAS that muscle-splitting incisions, even m the opci iblo aiea, do 
some damage to the mnei vation 
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qUiuli iliilci .\1 spucc, ihiou{^h which puss thp a\illaiy neivo and the posteiioi ciiciimflex 
humcial iitciv 

The MHgcon should iccall the position of the tiansveise scapulai aiteiy and supia- 
sc ipulai ncn c is (hey he supciomedial to the joint The neive passes thiough the supia- 
bcapiilii notch, mcdnl to the coiacoid piocess and the aiteiy immediatel}’' above it Both 
entci tlic supiaspinoub fossa and, having supplied the muscle contained theiein, Avind 
aiouiid the loot of the spine thiough the gieatei scapular notch to reach the mfiaspmous 
fossa, fciminiling in the infiaspinatus muscle These stiuctuies aie endangeied m teais 
of tlie musculotendinous c uff, if the divided tendon is sought foi too deeply and caielessly 

AT) res about (he ShouJdci 

In suigical appi Oldies to the shouldei joint, the axillaiy neive occupies a position 
of supiemc impoi lance It aiises fiom the posteiioi coid of the biachial plexus, posteuoi 
to the gical vessels, and, as it descends, it passes mfeiioi to the capsule of the shouldei 
joint thiough the quadiilateial space Heie it divides into posteiioi and anteiioi dn isions 
The posteiioi division supplies motoi blanches to the teies minoi and the posteiioi thud 
of the deltoid muscle Fiona it is deiived the lateial cutaneous neive of the aim, which 
winds aiound the posteiioi boidei of the deltoid, accompanied by a small vessel to supplj’- 
the skua ovei the uppei lateial aspect of the deltoid In posteiioi appi caches, isolation of 
this small cutaneous neive, leadily lecognized owing to the piesence of the accompan 5 ung 
a^essel, enables the suigeon, b}' follow mg it moie deepl}", to lecognize the mam tiunk of the 
neive The anteiioi division pioceeds aiound the suigical neck of the laumeius, accom- 
panied by the posteiioi circumflex aiteiy In lelationship to the smface, the neive occupies 
a position a little above the mid-point between the lateial maigin of the aciomion piocess 
and the mseition of the deltoid The anteiioi division supplies the anteiioi twm thuds of 
the deltoid, and its piotection is of the gieatest impoitance m supeiolateial appi caches 
to the joint Its musculai tw igs aie given off at intei vals, to pass veitically upw aid Theie- 
foie, incisions which aie made with separation of the fibeis of the deltoid should not ex- 
tend downwaid foi moie than one and one-half inches below the maigin of the aciomion 
piocess, otheiwise some weakness of the deltoid can be anticipated (Figs 2 and 3) 

Othei impoitant neives m this aiea aie w^ell desciibed m standaid textbooks They 
aie the supiascapulai neive to the supi aspinatus and infiaspinatus, the musculocutaneous 
nerve to the biceps, coiacobiachialis, and biachialis, the lateial and medial anteiioi 
thoracic nerves to the pectoiahs majoi and minoi, the uppei, middle, and lowei sub- 
scapulai neives to the teies majoi, subscapulaiis, and latissimus doisi, and the ladial neive 
tothetiiceps All are derived fi om the coi ds of the brachial plexus, which suiiound the 
great vessels in the axilla 

Ai teries 

The aiteiies of importance in appi caches to the shoulder aie the tiansveise scapulai, 
deiived from the thyrocei vical tiunk, and blanches fiom the axillarj'^ aiteiy, namely, 
the thoiaco-aciomial and the anterioi and posteiioi ciicumflex humeial vessels The trans- 
verse scapulai artel y arises fiom the thyiocei vical aiteiy at the base of the neck and passes 
dll ectlylatei ally We aie conceined wnth it only as it passes above the supiascapular notch, 
lying in close lelationship to the supiascapulai nei\e, and as it passes around the spine 
of the scapula to the mfiaspmous fossa, wdieie it may be subject to suigical injuiy The 
anteiioi humeial ciicumflex aiteiy anses fiom the axillaiy aiten at the lowei bolder of 
the subscapulaiis and, having passed behind the oi.gm of (he coiacobiachialis and the 
shoit head oi the biceps, is found beneath the deltoid on the singled neck of the humerus 
Heie It divides into ascending and descending branches The posteiioi humeial ciicumflex 
aiteiy, a fai more substantial vessel, aiises likewise fiom the axillan aiten at iboiK llie 
same level as the anteiioi It passes posteiioib thiough the quadrilateial space, iccom- 


VOI 31 A XO 2 APRIL 1019 



242 


L C ABBOTT, J B DEC M SAUNDERS, H HAGEY, \ND E W JONES, JR 



Pig 3 


The sitting position, with the shoulder pi ejecting well bejond the bordei of the operating tabic 
This position gieatly facilitates the surgical c\posuie of the anterosuperioi and supeiolateral 
aspects of the scapulohumeial joint, the subacromial buisa, and the musculotendinous cuff Note 
position of the a\illaiy nerve in relation to incisions wdiich separate the fibers of the deltoid 
(Reproduced, by permission of Appleton-Century-Crofts, Inc , from chapter bj LeRoj C 
Abbott, j\I D , to appear in Operative Technic, edited by Warren H Cole, M D ) 

panjGng the axillaiy neive to wind aiound the suigical neck of the humeius and distnbute 
blanches to the deep siuface of the ot^ei lying deltoid muscle 

The thoraco-aciomial aiteiy, a shoit tiunk, aiises fioni the second pait of theca\il]an 
aiteij'- and wnnds aiound the uppei boidei of the pectoiahs minoi to pieice the costocoia 
coidmembiane, wdieie it divides into numeioiis blanches A claviculai bianch passes upward 
tow^aids the clavicle Seveial laige pectoial blanches pioceed dowmwaid between the two 
pectoral muscles, w'^here they anastomose wnth the lateial thoiacic and lateial bianches of 
the intercostal vessels The aciomial branch luns lateially beneath the tendon of the pec- 
torahs minor oi above it, frequentlj'- supplying twngs to the deltoid This branch is often 
found on the mfeiioi aspect of the coracoid piocess, w^heie it maj'- piove troublesome m 
dissections in the neighboihood of that stiuctuie A final bianch, the deltoid lamus, takes 
oiigm fiom the common tiunk and luns distallj'- in the inteimusculai intei val betw^een i 
pectoiahs majoi and the deltoid 

SURGICAL APPROACHES TO THE SCAPULOHUMERAL JOINT 
The suigical exposuie of the scapulohumeial joint is difficult, because of the spec^ 
anatomical i elation of the stiuctuies wffiich suiiound it On the anteiior, lateial, an po-^ 
tenor surfaces, the joint is shiouded by the deltoid To avoid peimanent damage o 
muscle, incisions wdiich pass thiough it must be made parallel to the diiection of its 
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Thcv '^houkl be liniitcil iii then c\lpnt lo ah aipa between the maigins of the acioinion and 
(he ixillaiy none, ulioic it passes fiom back to fiont aiound the uppei poition of the 
fehafl of the Inimci us (Fig 2) On its supeiioi suiface the joint is coveied by the piotective 
bony and ligamenlous auh foimed by the coiacoid, the aciomion piocess, and the coiaco- 
aciomial ligament This aich is anchoied m position anteiioily by the outei end of the 
clayicle, aiticulating with the aciomion piocess to foim the aciomioclaviculai joint The 
medial and latcial mngins of (he ontei poition of the clayicle, the acromion, and the spine 
of the scapula pioyidc idachments foi the tiapezms and deltoid, lespectively Full access 
to (his put of (he ]om( may lequiie osteotomy of the aciomion piocess, oi subpeiiosteal 
detachment of the oiigm of the deltoid fiom the outei thud of the clayicle and the ad- 
joining boidcis of (he aciomion 

E\posuie of (he anteiioi aspett of the joint is geneially obtained bj’^ sepaiation of 
the adjacent maigins of the pectoialis majoi and the deltoid, but in manj’- instances this 
appioach is unsalisfac toi y unless it is enlaiged b}'^ sepaiating the oiigm of the deltoid fiom 
the claMcle In a smiilai mannei, the posteiioi aspect of the scapulohumeral joint can be 
disclosed 111 its eiitiiety by osteotomy of the aciomion, oi by detachment subpeiiosteally 
of the deltoid fiom the spine of the scapula and the lateial maigm of the aciomion process 

It can now be seen cleail}'’ that complete evposuie of the anteiior, superioi, lateial, and 
posteiioi aspects of the scapulohumeial joint can be seemed by a cuiyilmeai skin incision 
which follows the anteiioi maigin ot the deltoid and its line of oiigin fiom the clayicle, 
aciomion, and spine of the scapula This peimits the oiigm of the deltoid to be i effected 
subpeiiosteally fiom the clavicle, the infeiioi maigin of the spine of the scapula, and the 
supeiioi suiface of the aciomion piotess The lemaindei of the deltoid attachment to the 
aciomion is fieed by osteotomy of its lateial boidei This method of detaching the deltoid, 
with an edging of peiiosteum and bone, piovides for adequate lepaii wnth sound healing 
A segment of this cuivilineai incision may be utilized for e\posuie of one oi moie aspects 
of the scapulohumeial joint Theiefoie, this incision might appiopnately be teimed the 
“ compi ehensive ” incision foi exposuie of the scapulohumeial joint (Fig 5) 

The Sitting Position for Opciations upon the Shouldei 

In opeiations upon the shoulder, the selection of the propel position of the patient 
and its maintenance thioughout the entiie opeiation is of gieat impoitance The suigeon 
must woik wuth the pait suppoited and held in such a way as to piovide easy access to the 
stiuctuies w’hich he wishes to expose He should not be handicapped by a faulty position 
of the patient on the operating table The authois have found that the supine position in 
opeiations upon the shouldei does not piovide adequate access to its supeiioi, posteiioi, 
and lateial aspects Also, iindei these conditions, the suigeon wmiks in an awkw^aid and 
uncomf 01 table postuie w^hich pioduces both mental and physical fatigue These difficulties 
can be obviated by the use of the sitting position (Fig 3) The authois fiist used this method 
of procedure in 1925, in the St Louis unit of the Shiineis’ Hospital foi Ciippled Childien 
It Avas found invaluable in arthrodesis of the shoulder for patients disabled by residual 
paialysis due to anterior poliomyelitis Only m this iva}'^ could we accurateb" palpate the 
bony landmaiks wffiich enabled us to secuie the optimum position for function 

Fiom that time on, ive extended the use of the sitting position to include practical! j 
all opeiations on the scapulohumeial joint It is paiticulaily successful m removal of cal- 
cified deposits in the musculotendinous cuff, in luptuie of the supiaspinatus, lecuiient 
dislocation of the shouldei, and fiactiiies of the head and neck of the humeius and its 
tubeiosities It has also pioved of gieat advantage m opeiations on the bi u hial plexus and 

foi the lemoval of a ceivical iib , , , , 

Experience has shown that the piefened position is with the trunk at approximately 

70 degiees wnth the hoiizontal plane, the shouldei extended w ell bej ond the margin of the 
table, the head turned to the opposite side, and the sterile drapes arranged to leaAe the 
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Approach to the aiiteiioi aspect of the shouldci witli cuived incision to pi event e\ccssnc scar 
(method of Hitchcock) 

A Saline injection to define cephalic vein (method of Bech(ol) 

B and C Exposure of deep structures 


arm entiiely fiee, m oidei to peimit motion of the scapulohumeial joint A tilting opeiating 
table which holds the hips and knees in model ate flexion gives the desiied slope upnai 
behind the knees, so that the thighs i est against an inclined plane In this w a}" the patient 
does not slide dowmw'aid and out of position The tilting operating table also peimits 
quick change m the position of the patient m case of emeigency, such as difficult}" with i 
anaesthetic Recently the authois have used a folding dental chaii, which is piefeiable be 
cause it permits tAvo assistants to aaoiIc w’lth the surgeon, one on each side 

Local anaesthesia is particular I}" suitable for operations upon the shoulder, and tje 
authors hax^e used it extensn^ely m the lemoAml of deposits from the musculotendinous 
and foi repair of luptuie of the supiaspmatus tendon Actn"e moA"ement of the aim by ^ 
patient during the operation helps mateiiall}" m exposuie of this joint thiough mu 
incisions, and also aids in diagnosis and m the lepaii of damaged stiuctuies 
In addition, the sitting position is leadil}" adaptable to opeiations upon the 
lequiimg geneial anaesthesia Here it is of importance to support the trunk on ® 

01 the folding table by means of straps placed around the legs, thigh, pehns, an ci 
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D Excision of pioximal P"} the biclpiHl’gioovc NMth osteoperiosteal flap, 

E and F Fixation of d po. t on of th^ of tenosynovitis of the 

rhe head should be held on a 

teck In the authois’ expeuence, ^ in oidet to give the 

completely the need ^ ^ ^Lei ve these pimciples of suppoit fo. the tumk 

isual inhalation the neck may pioduce seiious injuiy with lotatoiy dis- 

ind head and to ^ obseived a case of ceivical dislocation that lesulted 

ocation of the cervical spine « ns 
irom faulty use of the sitting position 

A To.r'WTnn Aspect of the Scapulohumeral Joint 
Approaches to the Anterior aspect oi. 


1 Deltopectoral Incision . fj-^ctuies and dislocations of the 

A Indications This incision long head of the biceps 

shoulder, and (2) tenosynovitis and ^ suppoited 

B Position of the Patient The patient is^sjJjun 

in vaiymg degiees of abduction should be obsened (1) outer one-tliird of 

C Landmarks The following ^ and (4) deltopectoial grooxe 

the clavicle, (2) aciomion, (3) coiaco P anterior border of tlie 

D Incision An oblique incision is ma thuds of the cla\ icle, downw ird almost 

deltoid, fiom the junction of the mi ^e an 
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to the inseition of the deltoid muscle The margins of the deltopectoral groove are exposed 
and these two muscles are then sepaiated, caie being taken to piotect the cephalic vein 
by piesei vmg its fascial coveimg, togethei with a few fibeis of the deltoid The vein is now 
leti acted mediallj^, and numeious tiibutaiies of the cephalic vein and the deltoid division 
of the thoiaco-aciomial aiteij^ aie ligated The deltoid muscle is retracted lateially to show 
the coiacoid piocess, the deltoid poition of the subaciomial bursa which oveilies the lesser 
tubeiosity, the anteiioi poition of the gieatei tubeiosity, and the bicipital groove The 
buisa IS opened to leveal the gieatei tubeiosity of the humeius, the bicipital groove, the 
tendon of the long head of the biceps, and the anastomosing vessels which aiise fiom the 
anteiioi ciicumflex aiteij’’ and pass upwaid and downwaid m the gioove By lotation of 
the humeius and sepaiation of the long and shoit heads of the biceps, the lessei tuberosity 
and the medial hp of the bicipital gioove, with the inseitions of the tendons of the sub- 
scapulaiis, the teies majoi, and the latissimus doisi, aie exposed 

This incision may'- be enlaiged above by detachment of the deltoid fiom the outer 
thud of the clavicle and the anteiioi maigin of the aciomion process, oi below by'- partial 
subperiosteal separation of the tendinous mseitions of the pectoiahs major and deltoid 
into the shaft of the humeius (Figs 3 and 4) 
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Coracoacromial ^ 
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ligament 
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2 The Shouldei-Stiap Incision of Hemy 

A Indications are as follows (1) tumors of the anterior aspect of the joint, (2) frac 
tuies involving the joint, (3) arthrodesis of the joint, (4) recurrent dislocation of the shoul 
del , and (5) tenosymovitis oi dislocation of the tendon of the long head of the biceps 
B Position of the Patient The patient is either supine, \nth a small flat sandbag under 
the lover part of the scapula on the side of the operation, oi, piefeiabty, in the sitting 
position, vith the shoulder well ovei the maigm of the table and the arm draped topeimit 
motion of the joint 

C Landmarks The landmarks aie the same as those for the deltopectoral incision 

D Incision The ante- 
rior part of the skin incision is 
the same as foi the deltopec- 

toialincision At the upper end, 
this incision is extended fiom 
the tip of the coracoid over the 
super 101 aspect of the shoulder 
to the level of the spine o 
the scapula The cephalic 
vein IS retracted medialb 
V ith a fev fiber s of the deltoi 
muscle, and the deltopectora 
gioove is follov ed to the cla' 
icle, thus exposing the anterior 
surface of the outer third o 
this bone and the adjacen 
mai gins of the acromion proo 
ess With a thin-bladed oste- 
otome the origin of the deltoK 
is detached, with a thin s a 
ing of bone from the anterio 

margins of the ^1 

the anterior part of the a e * 
margin of the acromion » 
should betaken not to ciitm 
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Fig 5 


Exposuie obt lined by' anterior and lateral segment of the 
“compieliensive” incision r 
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deeply into the bone This appioach c\poscs veiy adequately the coiacoid piocess and its 
itt.idied stuietuies, the huge subaciomial buisa, the bicipital groove, and the tendons 
inseiting into the gieatci tubeiosity Upon incision into the buisa, these bony stiuctuies 
and then tendinous iiiseitions aie leadily viewed Elevation of the oiigin of the deltoid 
ina\ be continued aiound the lateral and posteiioi margins of the aciomion and the ad- 
jacent spine of the scapula, to give complete evposuie of the supeiioi aspect of the shouldei 
joint 

Recentlv the authois have exposed the deepei aspects of the scapulohumeial joint, 
including the anteiioi maigm of the glenoid, thiough the anteiioi segment of the cuivi- 
lineai oi compichcnsive incision, with detachment of the deltoid fiom the anterioi maigins 
of the clavicle and aciomion (Fig 6) The coiaco-aciomial ligament is divided, one-half 
inch medial to its attachment to the aciomion The peiiosteum over the coiacoid is then 
incised pioximal to the coiacoid mseition of this ligament, and an osteotomy of this bone 
IS peifoimed With the coiaco-aciomial ligament being used as a handle, the distal segment 
of the coiacoid is tinned downward and inward with the oiigin of the coiacobrachialis and 
shoit head of the bicejis The uppei and lower borders of the subscapulans aie thus exposed 
and it IS tiansected at the junction of its muscle and tendon, about one inch medial to its 
mseition into the lessei tubeiosity of the humerus An incision is made through the an- 
teiioi capsule, so that the anteiioi urn of the glenoid can be inspected 

In lecuiient dislocation, the teaiing of the capsule from the labium or the detach- 
ment of the labium from the bone itself can be identified and repaired This repair is facili- 
tated by a specially designed retractor , with which the head of the humerus can be dis- 
placed laterally and posteriorly, and by the use of instruments which permit drilling of the 
anteiioi margin of the glenoid At piesent the miters use the Putti-Platt method of lepaii, 
m nhich the anteiioi surface of the neck of the scapula is denuded and the distal segment 
of the subscapulans is sutured to the medial tip of the anterior capsule Further reinforce- 
ment is then secured anteriorly by suture of the muscle belly of the subscapulans to the 
scarified tendinous cuff which overlies the greater tubeiosity or the bicipital groove This 
method was described in a recent article by Osmond-Clarke 

Closure of the Around is accomplished by suturing or nailing the tip of the coracoid 
to the base of the coracoid process, or by subperiosteal excision of the tip and suture of 
the origin of the coiacobrachialis and the short head of the biceps to the base of the coia- 
coid The deltoid is turned back to its normal position and sutured to the clarucle and 
aciomion Henry advocated resutuie by a single loop suture around the clavicle For post- 
operative care, he suggested immobilization by sling oi Velpeau bandage to maintain the 
aim at the side The period of immobilization depends upon the nature of the injui}'’ 

3 Longitudinal Separation of the Fibeis of the Deltoid 

A Indications This method is recommended for (1) calcified deposits in the musculo- 
tendinous cuff, (2) rupture of the supraspinatus, and (3) fracture of the tuberosities of the 
humerus 

Note The site of incision for removal of a calcified deposit depends upon its piecise 
location Avithin the musculotendinous cuff To determine the exact position of this deposit, 
the authors use roentgenogiams and palpation for point tenderness Roentgenogiams aie 
taken of the scapulohumeial joint in the positions of external and inteinal rotation 4 
A^eitical AueAv to show the bicipital groove is also taken In external lotation a calcified 
deposit in the tendon of the supraspinatus is clearly sliomi aboi^e the greater tubeiocty 
of the humerus while in internal rotation the outline of the deposit is obscui ed by the oa er- 
lapping shadow of the gi eater tubeiosity Exactly the reverse is true iihen the depoMt lies 
posteriorly, within the tendon of the teres minor Here, in the position of external rotation, 
the shadoAv of the greater tubeiosity is superimposed on the sliadon of the deposit, m in- 
ternal rotation the deposit is clear and ivell defined laterally, and just inf tl 
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The muscle-sphtting approach to the subaciomial buisa and 'i’if by LcRoj C 

(Reproduced, by peimission of Appleton-Centuiy-Crofts, ^ 

Abbott, M D , to appeal in Operative 1 cchnic, edited by aricn H Cole, iM U ) 


gieatei tubeiosity Veitical vle^^s show the i elation of these deposits , gub 

bicipital groove and are, theiefoie, helpful in detei mining whethei they he i 
scapulaiis, supiaspinatus, oi mfiaspmatus tendons 

While roentgenogiams aie an impoitant aid in localization, in pa le 
symptoms, expeiience has taught us to lely upon point tenderness as the cm 


the site of the incision meision and b} 

It IS tiue that most deposits can be lemoved thiough an ante 

lotation of the aim to bung all aspects of the mseition of the cuff benea 1 ^th^^ 
Howevei , if the deposit is m the tendon of the tei es minoi , in an the ai m 

spasm of the muscles oi m a chionic case with adhesions, m eina .,i,g,e thcieisl”'*' 

be so lestncted that it pi events access to the deposit In such instanc . „ 

tenderness on the lateral oi posteiolatoal aspect of the shou ^ „„t,on is I® 

incision on the anteiolateial oi lateial suiface In an ,,,,3 condition In 

ited by evtieme spasm, the authois have found it necessaiy to lel eve 
siioplementing local anaesthesia with intiavenoiis sodium pentotlial j jjatth' 

B Posdfon of the PaUonl The patient is in a sitting posi ion ^ 

side and the sliouidei ovei the maigin of the back lest The elbow is held at a 1 g 

With the foreaim supmated 
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C Landniaihs Tlic landmuiks aio (1) Riomiotlaviculai joint, (2) aciomion, (3) hii- 
nu'His, ind (I) huipil.d {I'oovo 

D \ iinrslluww I^o( al .inaosilu'sia, c onsislmg of ] pel cent novocain Mith adienahn, 
IS piofeiablo c\(opt, in cases wlioic mnsdo spasm is maiked and the patient is unable to 
ieh\ In smh c ises the authois usii dlv emphn sodium pentothal intiavenouslv 

E \ \eitual incision ol the skin is made along the uppei segment of a line which is 
piojccted fiom the acioniioc lavuuhi joint to the middle of the anteiioi aspect of the 
elbow, with the aim at the side and the elbow flexed to a nght angle (Fig 6) To avoid 
mjun to tlic ixillaiv nei\e, the incision should extend downwaid for no moie than one 
and one half iiidics fiom the anteiioi maigm of the aci omioclavicnlai joint The fascia 
coceiing the deltoid is split, and its fibeis, which inteilace in a bipennifoim fashion, aie 
sepaiatcd ind letiacted w ith a self-ietaniing letiactoi In peifoiming this step, the authois 
have found clcctiocantci v useful foi the coagulation of the small vessels as thej'- cioss the 
field of sepal ation of the musde fibeis \ div held is thus maintained with minimum dam- 
age to tissues The loof of the subdeltoid buisa is seen, but not entiiely divided until the 
deltoid fibeis aie sepiiated thioughout the length of the wound, paiticulaily at the top 
of the incision o\ei the maigin of the aciomion With the opening of the buisa and with 
loluntaiy movement of the aim, the inseition of the musculotendinous cuff into the tubei- 
osities, the bicipital gioove, and the anastomosing bianches of the supiascapulai and cn- 
ciimflex vessels aie exposed The musculotendinous cuff can be seen as fai back as the 
mseition of the teies minoi, although this is sometimes difficult Theiefoie, as desciibed 
m pieiious paiagiaphs, foi complete iiiptuie of the supi aspinatus and for evacuation of 
calcified deposits m the posteiioi aspect of the cuff, a similai incision is used, but is placed 
faithei lateially 

Approaches to the Superolateral Aspect of the Shoulder Joint 

1 Longitudinal Splitting of the Deltoid Fibeis 

2 Longitudinal Splitting of the Deltoid Fibeis with Paiiial Sepai ation of the Deltoid fiom 

the Mai gin of the Aciomion 

A Indications The indications aie as follows (1) lemoval of calcified deposits which 
he posteiioily, and (2) the lepaii of complete uiptuie of the supi aspinatus 

B and C The position of the patient and the landmai Is and incisions aie the same as 
for the anteiioi muscle-splitting incision, except that the incisions aie placed ovei the 
supei olatei al aspect of the shouldei They begin on the supenor suiface of the acromion 
piocess and extend dowmwaid ovei its lateial boidei and the uppei pait of the deltoid 
The sepal ation of the fibeis of the muscle must not extend faithei downwaid than fiom 
an inch to an inch and a half below^ the lateial boidei of the aciomion, because of the dangei 
of injuiy to the axillaiy neive subpei losteal lemoval of the deltoid oiigin fiom the 
aciomion at the maigins of the incision, the authois have lepaiied both paitial and com- 
plete luptuies of the supi aspinatus In the foimer, howevei, lemoval of iiiegulai pi ejec- 
tion of seal tissue, bone, and the stub of tendon attached to the gieatei tubeiosity will 
peirait the smooth passage of this lattei stiuctuie beneath the aciomion and will lelieie 
the symptoms 

3 Tiansvei se Division of the Deltoid 

A Indications Aithiodesis of the shouldei joint 

B Position of the Patient The patient may be in eithei the supine or the sitting 
position 

C Appioach The incision has two components The horizontal portion passes around 
the shouldei fiom fiont to back, one-half mch below the lateial margin of the acromion 
The veitical aim, beginning in the hoiizontal mcsion ocer the greater tiiberoMti of the 
humerus, extends dowmwaid two inches Two flaps of skin and subcutaneous tRsuc ire 
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thus foimed A deep mcisiou is then made thiough the deltoid, at the tip of the lateial 
maigin of the aciomion The capsule is opened and fieely excised to gam exposuie of the 
joint The long head of the biceps, identified anteiiorly, is separated fiom the groove The 
aciomion process is denuded of all soft tissues on its inferior and supeiioi surfaces, and 
fusion may then be accomplished by removal of the joint cartilage and mortising the 
aciomion into the tuberosity of the humerus 

4 Sepal ahon of the Deltoid fiom Its Oiigin on the Clavicle and Acromion 

This appioach, desciibed by Cubbins, Callahan, and Scudeii and by Heniy, is similai 
to Heniy’s shouldei-stiap incision, aheadj'- desciibed A supei olatei al incision is begun 
anteiioily and cuived aiound the maigm of the aciomion to the loot of the spine of the 
scapula, and the deltoid is sepaiated fiom its oiigin on the clavicle and aciomion This 
appioach gives an excellent view of the anteiosupeiioi and supei olatei al aspects of the 
joint, and ma}’’ be used foi fiactuies, aithiodesis of the shouldei joint, and lepaii of the 
musculotendinous cuff 

5 Osteotomy of the Aciomion Piocess 

A Sabei-Cui Incision of Codman 

1 Indications The indications aie (1) lepaii of the musculotendinous cuff, (2) 
lecuiient dislocation of the shouldei , (3) fixation of the tendon of the long head of the 
biceps in the bicipital gioove, and (4) lepaii of fiactuies in the legion of the greater 
and lessei tubei osities 

2 Position of the Patient The patient is supine vith the entiie shouldei ex- 
posed lateiallj’’ and posteiioily and the aim fiee, oi, as in the authois’ voik, the 
patient is placed in the sitting position 

3 Appioach The incision begins anteiioilj’’, one inch below the level of the 
aciomion piocess, and passes dnectlj'- upxxaid ovei the aci omioclaviculai joint and 
then doxx n the back of the shouldei to one inch beloxv the spine of the scapula The 
fibeis of the deltoid aie sepaiated anteiioily and posteiioilj'^ fiom above doxxmxxard, 
and the ligaments of the aci omioclaxucular joint aie seveied The aciomion process 
is dixuded bj’’ an osteotome, the division extending backxxmid fiom the joint to a point 
medial to the angle of the aciomion The dixuded aciomion and attached deltoid are 
turned doxxmxx^aid and retracted lateially to expose the subacromial bursa, the cap 
sule of the shoulder joint, and the mseition of the muscles xx^hich form the musculo 
tendinous cuff This leti action should be done xvith caie, to axmid possible mjurx 
to the supiascapulai neive and tiansx'’erse scapulai aiteiy, xxdiich pass through the 
supiascapulai notch 

The tendon of the long head of the biceps is exposed and, if the capsule is 
opened, the head of the humerus and the anteioposteiioi margin of the glenoid are 
brought into xuexx 

The objection to this appioach, as described bj'’ Codman, is that theie is ji 
dela}’^ of postoperative mox^ment The authois also haxm had txvo cases m xx iic 
thei e XX as non-union of the aciomion piocess, and second operations xx'^eie necessaix 
As in all deltoid-sphttmg incisions, caie must be used to avoid injuij'' to the axi ar 
nerve . 

B Ti ansaci oinial Appioach of Dairach and McLaughlin The following 
as desciibed by Daiiach and McLaughlin, is preferable to the Codman approach 
the aci omioclaviculai joint is preserved The incision parallels the stiap or suspen 
in the normal skin creases of the region lateral to the aci omioclaxaculai joint t 
from the posterior aspect of this joint to a point txvo inches in front of the anteiioi 
of the acromion Anteriorly the bursa and the coraco-aciomial ligament aie , 

sepal ation of the fibers of the deltoid McLaughlin emphasized the importance ° P 
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the fibcis of the dclloid fioni above do^^n\^ald, l)eginnmg at the maigin of the aciomion, 
foi 111 fins way no uiiiieccssai^ splitting is done and tlieie is less dangei of injiiiy to the 
cncumflox vessels and the axillaiy neive 

Exposiiie of the shouldei joint is then obtained by osteotomy of the aciomion, m a 
line mid-vay between the aciomioclaviculai joint and the lateial boidei of the aciomion 
The deltoid is letiacted lateially with the outei fiagment of the bone Foi lepaii of the 
muscnlotendnions cuff, a moie oblique osteotomy, deviating lateially to emeige at the 
lateial hp of the aciomion, gives adequate exposuie and a bettei cosmetic lesult The m- 
teiioi of the shouldei joint may be inspected bj’’ incisions through the musculotendinous 
cuff, between the maigni of the glenoid and the anatomical neck of the humeius 

McLaughlin piefeis this appioach to otheis foi many leasons In fiactuies, bone fiag- 
ments can be lemoved without being diagged thiough the biachial plexus Repan of the 
labium glenoidale and the anteiioi capsule m lecunent dislocation is earned out fiom 
within the joint, avoiding the tiauma of sectioning the coiacoid and its attachments as 
well as of dividing the subscapulaiis tendon The lemoval of the fiagment of the aciomion 
also makes a less piomment fulcium foi impingement of the gieatei tubeiosity in lecunmg 
dislocations of the shouldei The Nicola tiansplant of the biceps tendon, i eduction and 
fixation of fiactuies, and othei leconstiuctive pioceduies on the musculotendinous cuff 
can readily be peifoimed thiough this exposuie 

Appro vcHES to the Posterior Aspect of the Joint 
1 Appioach of Kochci 

A Indications This appioach is indicated foi (1) posteiioi dislocation of the head of 
the humerus, (2) ceitam fiactuies of the head of the humeius and the posteiioi poition of 
the glenoid, (3) excision of the shoulder joint, and (4) tumois of the neck of the scapula 

B Position of the Patient As 
lecommended bj'- Kochei, the 
patient is placed pi one with his 
aim abducted on an aim boaid 
and pillow's undei the chest on 
the side of the opeiation, the 
head is turned to the opposite 
side An alternate position, w'hich 
the authois prefei, is the sitting 
position w'lth the shouldei w'ell 
over the side of the table and the 
arm free 

C Landmaihs Thelandmaiks 
aie (1) aciomioclaviculai joint, 

(2) acromion process, (3) spine of 
the scapula, and (4) posteiior 
bordei of the deltoid 

D Incision The incision be- 
gins at the aci omioclavicular 
joint and extends backw'aid along 
the outer boidei of the aciomion 
to the spine of the scapula It is 
then cuived dowmw'aid, ending 
tw'o fingeibieadths above the 
posteiioi fold of the axilla The 
supenoi and posterioi ligaments 
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5 used ospecialh for arthrodesis of the slioulder, with tin 
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Fig 8 


A and B Posteiior appioach for exposuie of the posteiioi infeiioi poitions of the scapulohumcra 
joint, between the infraspinatus and teios minoi (method of Bennett) 

C Capsule incised in line of fibers, exposing head of humeius and margin of glenoia 


of the aciomioclaviculai joint aie divided, and the tiapezms is sepaiated pos 

of the scapula Thiough the descending limb of the incision, the dense fascia ove 


tei 101 boi del of the deltoid IS divided n i hr a the posterior 

The deltoid oi igin is then fi eed fi om the scapulai spine as fai latei al j „ gy de- 
margin of the aciomion, a maigin of tissue being left on the bone foi lesutuii 
tachmg the uppei boi dei of the infi aspmatus, an intei va is eve op 
can be passed aiound the lOot of the aciomion Heie the supiasc^ula 
veise sLpular aiteiy must be caiefully isolated and protected The aciom 
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otomizod obliquely ind the oulei segment is letiacted nith the deltoid As an alternative 
to division of the bone, the deltoid is sepaiated fiom the spine of the scapula and the acio- 
mion, IS fai foiwaid as the acioiniocLuuuhii joint Lifting this deltoid cuitam leadily 
ie\ eals the lie id of the hiimeius and the muscles insei ting into the gieatei tubeiosity The 
(. ipsule IS then divided o\ ei the vei y lop of the humeial head The tendon of the long head 
of the biceps is fieed fiom its giooie and leti acted fonvaid 

The cxtcinal lotatois 'iic dnided, enough tendon being left attached to the bone foi 
sutuiing, ind the muscles iic diawn baikwaid The anteiioi poition of the capsule should 
be left lilt let, ei cn though in some t ises it maj’- be necessaiy to detach the mseition of the 
subscapiiliiis The mtcgiity of the inteiioi poition of the capsule limits the tendency of 
the head of the humeiiis to become displaced upivaid and inward tonaid the coiacoid 
piocess By this method a wide exposiiie of the head of the humeius is obtained without 
impaiiment of function of the deltoid 

The wiitcis haie used a inodifKation of the Kochei appioach foi aitlnodesis of the 
scapiilohumei il joint, with the patient in the sitting position (Fig 7) Foi this opeiation 
the dentil chan is paiticulaily suitable, as the entiie posterioi and supeiioi aspects of the 
shouldei with its bony landmaiks aie accessible to the suigeon Beginning at the anteiioi 
boidei of the acionnon, the incision is cuned over its lateial margin and then along the 
infeiioi edge of the spine of the scapula to the junction of its innei and middle thuds 
Fiom heie it turns outwaid and downwaid m a gentle cuive, to follow^ the posteiioi 
niaigm of the deltoid foi a shoit distance, and it teiminates neai the infeiioi angle of the 
scapula In the low ei pai t of the w ound the maigin of the deltoid is identified and follow ed 
to its oiigin fiom the spine of the scapula The peiiosteum is divided ovei the centei of the 
spine of the scapula and aciomion piocess, and lefiected lateially with the ongin of the 
deltoid as fai as the edge of the aciomion This edge is divided with an osteotome, thus 
completely fieeing the oiigin of the posteiioi segment of the deltoid with the exception of 
the mneimost pait of its oiigin, wdiich is often tiansected This muscle is then tuined out- 
w'aid to expose the gieatei tubeiosity of the humeius and the musculotendinous cuff The 
teies minoi tendon should be identified heie, as it foi ms the uppei boundaiy of the quadii- 
lateral space which contains the axillaij'^ neive and the posteiioi ciicumflex vessels 

The tendinous inseition of the cuff is divided, a stub being left attached to the gieatei 
tubei osit}’’ to facilitate i epaii The cuff is tui ned medially to expose the capsule of the j oint 
With division of this stiuctuie, the posteiior aspect of the joint is leadil}'' viewed The 
caitilage is lemoved fiom the glenoid and the head of the humeius wnth special gouges 
The infeiioi and supeiioi suifaces of the aciomion aie scaiified, and its junction with the 
1 oot of the spine of the scapula is pai tially divided w ith an osteotome A xmi tical gi oove 
IS cut in the humeius, diiectlj'’ medial to the gieatei tubei osiky With the aim abducted to 
approximate the denuded glenoid and head of the humeius, the osteotomj'^ of the aciomion 
is completed b 3 '^ bending it and fitting it into the gioove in the humeius Fixation of the 
joint IS secuied sciew^s, w^hich aie tuined thiough the outei coitex of the uppei poition 
of the shaft and the head of the humeius, and into the glenoid The mseition of the muscu- 
lotendinous cuff IS pulled up and ovei the aciomion and stitched to the peiiosteal mseition 
of the tiapezius The inferioi maigin is then stitched to the stub of the cuff on the greatci 
tubeiosity This binds the aciomion into the groove of the humeius and gives additional 
fixation The oiigin of the deltoid is lepaiied wuth inteiiupted sutuies, and the skin is 
closed in the usual mannei 


2 Posteiioi Appioach of Hannon 

A Incision The incision is begun in the middle of the spine of the sc ipul i md is 
earned outwaid to the angle of the aciomion The ongin of the de toid on the sp.ne of the 
scapula and the aciomion is detached and leflected hteially and mfenoily In this step the 
deltoid should not be letiacted below the leA el of the belh of the teres minor Ic-t the ixil- 
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laij’- neive be injured With the arm in a neutral position as regards rotation, a vertical 
incision IS made through the tendinous portion of the lotator cuff, just above the belly of 
the tei es minoi and the quadrilatei al space Hai mon stated that this gives extensive exposure 
to the humeius, being mfeiioi only to the sabei-cut method m the extent of the exposure 

3 Appioach of Rowe and Yee 

A Incisioii The incision is begun at the junction of the middle and inner thirds of 
the spine of the scapula and is extended lateially to the outer segment of the spine It is 
then cuived downwaid OAmi the posteiioi aspect of the shouldei joint foi about foui inches 
Reti action of the skin exposes the deltoid origin fiom the spine of the scapula Approxi- 
mately one and one-half inches fiom the medial bolder of the deltoid, this muscle is split 
m a doAvnwaid diiection for a distance of thiee inches The poition of the muscle lateial 
to the Amitical incision thiough its substance is foimed into a triangulai flap by subperios- 
teal reflection of its origin from the spine of the scapula This exposes the infraspinatus 
and teies minor The approach to the joint is secuied by separating these two muscles and 
fleeing the infraspinatus from the undei lying capsule The tendon of attachment of the 
infraspinatus is divided half an inch from its inseition into the greater tuberosity, and is 
retracted medially Retraction of the teies minor mfeiioil}'^ exposes the capsule of the 
posterior and mfeiioi aspects of the shoulder joint Rowe and Yee emphasized the impor- 
tance of keeping the incision aboim the teies minor, m order to avoid injury to the axillary 
nerve which passes here thiough the quadiilateial space The inter loi of the posterior and 
mfeiioi aspects of the shouldei joint can be exposed adequately bj’" a vertical incision 
thiough the capsule 


4 Appioach of Bennett 

In 1941, Bennett described an approach to the posterior aspect of the shouldei for 
removal of deposits of bone on the posteiior-infeiioi bolder of the glenoid fossa He showed 
that these deposits occur m baseball pitchers, as a result of excessive use of the arm and a 
tremendous pull on the poster loi poition of the capsule and the tendon of the long head of 
the tiiceps 

A cuived incision is made over the posteiioi aspect of the shoulder, and the oiigm of 
the deltoid is detached from the spine of the scapula and leti acted later all 5 '^ The posterior 
capsule of the joint is exposed in the interval between the tendons of the infraspinatus 
and teies minor The infraspinatus is supplied bj'' the suprascapular nenm, entering ds 
substance from above, ivliile the teies minor is supplied by the axillai}’’ nerve which enters 
it from below Therefore, there is little danger of mjuij'^ to either nerve b}’’ sepaiation o 
the adjacent borders of these tivo muscles The authors have found this approach satisfac 
toiy for exposure of the poster o-inf error aspect of the scapulohumeral joint (Fig 8) 


Approaches to the Inferior Aspect op the Joint 

Appi caches to the mfeiioi aspect of the shouldei joint ma}'’ be achieved by tl’® 
method of Thomas, wRich reaches the capsule at the mfeiioi aspect of the joint by an i 
cision along the margin of the posteiioi fold of the axilla To oui knowledge, this approac^^ 
IS not in use at the present time Other approaches to the axilla, usuall}'’ for purposes ^ 
drainage of the axillaij'- space, are made along the mfeiioi margin of the pectoralis 
Incisions of this type may occasionally be needed for drainage of pus ivhich has migr^i 
from the shoulder joint to the axilla, oi, more commonlj’-, for accumulations of pus aiisi 
from infected axillary glands 


REFERENCES ^ ^ 

Bankart, A S B The Patholog}" and Tieatment of Recurrent Dislocation of the Shouldcr-Jomt 
J Su’ig, 26 23-29, 1938 

THE JOURNAL OF DONE AND JOINT SUB 



SUKGICAL M'l’HOACHI S TO rill. SHOOLDLR JOINT 


255 


Binmtt, G r. MiouliUi >11(1 Llhow Iamoiis of (lu I’loU ssional B iscball Pitcher J Am Med Assn, 
117 SlO-'Bl, I'll! 

BiiNNri.i., Sti uiiNO 1 mi‘'( 1 il Gi ift foi Di'.kx it mn ol A< lomiocl iviculai Joint Surg , Gj nec , and Obstet , 
46 503-501, 1028 

ConM\N, E V The Shoiildei Ruiiluu of tin Sniimspinafus Tendon and Othei Lesions m oi about the 
SiiLnciomi il Bursi Pnvitcly punted, Boston, 103 1 

CunniNs W R,CAUiVn\N, I J , and Stum lu, f S 'Ihe Reduction of Old or Irreducible Dislocations of 
(he Shoulder Joint Surg , Gmrc , and Obslit , 58 120-135, 1934 
Dennecn, Wn.iJ\M Surgical Apiiro iclies foi Siiigeiv of the Extremities Am J Surg , 67 237-259,1045 
Giin, V B \ New Operitioii foi Aithiodesis of flu Shouldci J Bone and Joint Surg , 13 287-295, Api 
1031 

IUrmon, P II The Post ( nor Viipiouh foi Vithuuksis and Other Operations on the Shoulder Surg, 
Giiicc iiid Obstet , 81 200-208,1015 

Hixna V K I'.xposuies of Long Bones ind Otliii hingical Methods New York, IVilIiam Wood and Co , 
1927 

Extc nsile Exposiiu Viiplied to Limb Siiiguv Edinburgh, E and S Livingstone, 1945 
IlrrcncoCK, II H , and Bi chtol, C O P iinfiil Shoiildi i Obseivations on the Role of the Tendon of the 
Long Head of the Bicejis Brichii in Its Ciusition I Bone and Joint Surg , 30-A 263-273, Api 1948 
I\M\x, V T,SxUM)rns, T B mC M , and Vnnoxa 1 C Obsi i v itions on the Function of the Shouldei 
Joint J Bono ind Joint Surg , 26 1-30 Jin 1**14 

Kochlr, TuLonon Text-Book of Oiiciitm buig<i\ fd 3 (riaiislated fiom Fifth Geiman Edition) 
London, Idam and Charles Blick, Bill 

Lowmw, C L Operatieo Correction of Old s\ttiii(i( 1 lea u! ii Dislocation J Bone and Joint Suig, 10 
740-741, Oct 1928 

McL\ugiilix, H L I^esions of the ^lusciiloteiidiiiou- ( utl ol t lie Shouldei I The Exposuie and Tieatment 
of Tears wath Retraction J Bone and Joint but g 26 11— l*t, Jan 1944 
OaMoxD-CLARKE, H Habitual Dislocation of the Shouldoi Ihe Putti-Platt Opel ation J Bone and Joint 

Surg,30.B 19-25, Feb 1948 

Roberts, S M Acromio-Clavicular Dislocation Vnatoniical Exposure of the Outer End of the Clavicle 
and the Coracoid Process Am J Surg , 23 322-324,1934 
Row-e, C R , and Yee, L B K A Posterior Appiom h to the Shouldei Joint J Bone and Joint Surg , 26 

580-584, July 1944 , ^ ^ ^ 

Thomas, T T Habitual or Recurrent Dislocation of the Shouldei Eighteen Shouldeis Opeiatcd On m 
Sixteen Patients A New Axillary Operation Suig, Gmicc , and Obstet, 18 107-115, 1914 
Wilson, P Personal communications 


'OL 31-A tsO 2 APRII 191!) 



SURGICAL TREATMENT OF NON-UNION OF LONG BONES * 

B'i DOCTEUR ROBERT MERLE d’aUBIGNE, PARIS, FRANCE 
From the National Center** of Reconstructive Surgerij, Hopital Foeh, Pans 


This papei is based on thiee yeais’ expeiience m the National Centei of Reconstiuc- 
tive Surgeij'- We are piesentmg 126 cases of non-union of long bones, tieated by different 
methods, togethei u ith their end lesults Most of these cases weie wai n ounds, many luth 
laige bone defects and seveie mfection 

Among the fiist 102 cases (Table I), si\ty-foui weie wai wounds, of which forty-h\o 
sho^^ed laige bone defects All of the foity-two and many of the otheis weie oi had been 
severelj'' infected A certain number of these men had been wounded duiing the “iinder- 
giound” fightmg, when no penicillin was available and the facilities foi surgical treatment 
of compound fractures veie extremely bad 


TABLE I 

Non-Union of the Lono Bones 


Location 

Open Fractuics 

Closed Fractures 
(Early Treatment) 

Without Loss of 
Bone Substance 

With Loss of 
Bone Substance 

Open 

Reduction 

Non- 

Opcrativc 

Femur 

3 

6 

5 

4 

Tibia 

9 

10 

6 

4 

Humei us 

6 

15 

4 

3 

Both bones of foieaim 

3 

4 

5 

4 

Radius 01 ulna alone 

1 

7 

2 

1 

Totals 

22 

42 

22 

16 


I ocation 


Humei us 

Both bones of foi cai in 
One bone of foreaim 
Femur 
Tibia 


Totals 


TABLE II 

Results in 126 Cases 




Consolidations (Union) 


No of 
Cases 

No of 

Intel ventions 


Total 


1 

2 

3 

Number 

Per cent 

32 

25 

3 

1 

29 

90 

18 

17 


1 

18 

100 

16 

15 


1 

16 

100 

19 

14 

3 

1 

IS 

95 

tl 

32 

4 

2 

38 

93 

126 

103 

10 

6 

119 

94 


♦ Bead at the Annual Meeting of The Ameiican Academy of Orthopaedic Suigeons, Chicago 
Januap^28A948^ the Ministry of Wai in 1944 Organized and dnected by the author 
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TAB! E III 


i\()N-Em(in oi nil III Ml nils 




( onsolidat.ions 


Average Period 


No ol 




befoie Union 

Opu \U\i! Method 

0))ei ilions 


— 


Was Obtained 



No 

Pci cent 


(Months) 

M(tilli( fix it ion 






Eiuiuhn); wne 

2 

2 

100 

0 

4 

S( 1 ew s 

t 

I 

100 

0 

2M 

Kuntboiui mil 

1 

2 

50 

2 

3 


i 



(1 icopciation) 


Tibul gi ift 



1 



Intranudiill ir^ 

2 

0 


2 






(1 leopciation) 


Fixed b^ (ncircbngwm 

1 

2 

50 

2 

3 





(1 icopeiation) 


Fi\cil bv screw s 

12 

11 

92 

1 

344 



1 


(1 leoperation) 


Kuntbcber nail iilus gi ift 

8 

8 

100 

0 

6 

Tot ils 






Operations 

30 

29 

80 

7 


Cases 

32 

29 

90 

3 



Thiity-eight of these weie simple fiactures, sivteen of the patients had not been 
opeiated upon pieviously Twenty-two had been tieated by open lediic^on an one 
plating, often because of the impossibility of following the cases These figuies suggest 
that an impoitant cause of non-union in fiactuies of the long bones, whethei m w'ai lac- 
tuies 01 in the compound fiactuies of civil piactice, is bone-plating done with impiopei 

Lnside. the gmding principles fo. the t.eatment of these cases to be as follons 

Before OpcTahon 

1 To eliminate the infection as completely as poffiiMe of 

2 To piovide, as accurately as possible, sound soft paits a.ound the site of tiactuie 

At Operation 

3 To mamtain the best possible blood supply to the fiagments, 

4 To secuie sound internal fixation of the fiagmen s, orr-nnst the othoi 

5 To obtain him bone of a btne gmft on 

or, if this IS impossible because a bone delect p 

both bagments,^^^ to bung to the site a new bone-toiming tissue to scene more lapid 
callus foimation 

Aftei Operation , , 1 n 

, j r„.tii+inn nf the limb bj imniobilizition m the 

7 To obtain good tl^^ 

most favorable position and by eaily actn e 

T I Ml Tumciples have been obsen ed, good bon> union Ins 

In oui expeiience, wdien all ^ to non-obsen nice of one or more of 

always occuiied All the faihiies hai e bee 

these rules 
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The aim of tins papei is not to emphasize the pieopeiative measuies, oi the need foi 
le-education We mil only note that in every case of infection, in a piehmmaiy operation 
the fibious tissue and the mfected bone vere thoioughly lesected and, aftei a saucenza- 
tion, the defect v as filled by sound soft tissue,— namely, a pedicled muscle flap on deep 
bones (such as the humerus oi femui) and a pedicled skin flap on superflcial bones (foie- 

TABLE IV 


Non-Union op the Forearii 


Operative Method 

No of 
Operations 

Consolidations 

Failui es 

Average Period 
before Union 





Was Obtained 



No 

Per cent 


{AFontht,) 

Metallic fixation 






Plate 

q 

6 

67 

3 

5 

Nail 

9 

7 

78 

2 

4 

Tibial graft with sci ews 

35 

32 

91 

3 

4H 

Nail and graft 

4 

4 

100 

0 

4 

Totals 

1 





Operations 

Cases 

57 

49 

86 

8 







Two bones 

18 

17 

94 

1* 


One bone 

16 

16 

100 

0 


1 

Total cases 

34 

33 

97 

1 



* Union of one bone, non-union of the otliei 


TABLE 


Non-Union of thf Femur m ithout Lengthening (with or without Moderate Bone Defect) 


Operative Method 

No of 
Operations 

Consolidations 

Failures 

Average Peiiod 
befoie Union 
Was Obtained 
(Months) 

Delayed oi Pei 

Noimal inth Complications cent 

Metallic fixation 

Encii cling niie 
Kuntschei nail 

Graft 

Iliac 

Tibial 

Sliding 

Kuntscher nail plus tibial 
graft 

1 

10 

1 

(after 

nailing) 

1 

1 

3 

1 

7 2 90 

1 

1 

1 

3 100 

1* 

5 

5 

3 

5 

3 

3 

Totals 

Operations 

Cases 

17 

16 

14 2 94 

13 2 94 

1 

1 



* Callus but pam on walking, x-iaj result mediocre 
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‘iim 01 (ibia) A dol.iy of two months ioi tho uppci cxtiemity and of foui months foi the 
loMOi cNticmity A\as xlways obscivcd aftci complete healing befoie the bone opeiation 
lias pcifoimcd 

The incidence of lecuueid infedion is quite diffeient foi the uppei and lowei e\- 



Fig 1-\ 

A.piil 21, 1947 Non-umon of humerus of three jears’ duration 
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Fig 2-A 

Januar}' 6, 194:7 Non-umoa of foreaim 
iiTith infection 


Fig 2-B 

June 4, 1947 Union five months after tibial graft 


tiemities (Table II) In SL\ty-si\ cases of non-union of the humeius oi foiearm, theie 
uas onlj'- one infectious flaie-up lesiilting in failuie In si\ty cases of non-union of the 
femui 01 tibia, seiious flaie-ups occuiied in eight cases, lesulting in complete failuie in 
thiee, and in long-peisistmg sinuses in five cases 



TTio- 3-4 Mav 30 1947 Monteggia fracture vnth non-umon of ulna /An ,1 me graft 

f 11 3-B Oclober 11, 1947 Umon four and one-half montlis after nailing and grafting (An ihac g 

v as used ) 
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This (liffoicnce is due, in oui opinion, to the deep infection of the muscles in war 
wounds of the tliigh ind, in non-union of the tibia, to the reopening of the sutuie line 
infectious ncciosis of the flap 

Tlncc types of bone opoiations have been used m most of these cases 

1 Metillic fixation, paiticulailj'^ by mtiamedullaiy nailing (Kuntschei method), 

2 Bone giaft, — a tibial giaft wnth scieivs in a laige numbei of cases, wnth bone chips 
in some cases, 

3 Bone giaft combined with intiamedullaij'^ nailing This method is believed to be 
the best in many cases 

Other methods weic used, but only in a small numbei of cases A comparative study 
of the lesults with the thiec methods just mentioned has been done foi the diffeifent long 
bones 


UPPER EXTREMITX 

Noji-Umon of the Humous 

In twelve of thiity-two cases, the tibial onlay giaft w^as used, fixed by screws, wath 
onlj’’ one failuie due to lecuiient infection (Table III) This is an excellent method "When 
a bone defect is piesent, eithei the bone ends can be bi ought togethei oi the defect can 
be bridged by the graft This bridging procedure w^as so consistently successful that we 
think it is advisable to maintain the normal length of the limb in all cases except those 
in ivhich, because of an associated nerve defect, the shortenmg of the bone permits an 
end-to-end nerve suture This suture has ahvays been perfoimed in the same stage 

To prevent possible fractuie of the giaft, the aim has to be kept in an abduction plas- 
ter cast foi at least sixteen weeks This, of couise, is a serious draw'back This long period 
of immobilization can be avoided by the use of the Kuntscher nail Of four cases in w^hich 
the nail was used alone, two w^ere successes and twm w^eie failures In one case the frag- 
ments pulled apart, in the othei, wdieie a bone suture had been done m addition, the nail 
broke after five months 

On the contrary, results aie veiy good if the nail is remfoiced by a small tibial graft 
■which, in addition to piovidmg fixation, supplies osteogenetic material The nail is in- 
troduced from the olecianon fossa and directed upw'ard The graft is fixed by sciew^s, 


TABLE VI 

Non-Union of the Tibia without Bone Defect 


Operative Method 

No of 
Operations 

Consolidations 

Failures 

Average Period 
before Union 
Was Obtained 
{Months) 

Normal 

Delayed or Per 

with Complications cent 

Metallic fixation 

Plate 

Nail 

Bolt or screw s 

Graft 

Sliding 

Prom opposite side 
Iliac 

Kuntscher nail and graft 

4 

2 

2 

12 

6 

3 

1 

4 

1 

2 

7 

6 

3 

1 

3 

100 

50 

100 

S3 

100 

100 

100 

1 

1 

2 

5 

3 

6 

4 

6 

1 ° 

Totals 







Operations 

30 

24 

3 

90 

3 


Cases 

28 

25 

2 

96 

1 
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driven alternately on each side of the nail The aim may be lemoved fiom the cast at the 
end of the fiist month and active exeicise resumed This method vas successful m the 
eight cases in which it was used 

Non-Union of the Forearm 

In the foreaim, the authoi beheves that the tibial graft fixed by sciews is the best 
method The nail is useful only when a tibial graft cannot be employed, in multiple frac 
tures, 01 in fracture of the ulna at a high level, where accurate fixation of a graft would 
be difficult 

In this senes union was obtained m all cases, with the exception that, m one case of 
non-union of both bones of the foieaim, one bone remamed ununited aftei opeiation 
Of these thiity-foui cases, eighteen had laige bone defects (Table IV) A piopei technique 
always gives good results in non-union of the upper extiemity, even when laige bone 
defects aie present 


LOAVER EXTREMITY 

In the loAver extiemity, the difficulties and dangeis encountered m non-union of tlie 
femur or tibia depend laigely upon the presence and the importance of the bone defect 
Consideration will be given, first, to those cases m which the bone defect is eithei absent 
or moderate enough to allow the suigeon to put the fiagments together wnthout too great 
shortenmg of the limb, and, second, to those cases m which an impoitant bone defect 
must be bridged 



Fig 4-A 

Fic 4-A Apnl 12, 1946 Non-union 
Fig 4-B May 7) 1047 Union five 



Fig 4-B 


'femoral shaft of one year’s duration 

lonths after nailing and application of a shding gran. 
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Non-U))wn without Impoitant Bone Defect 

1 Fcinui A\ hen the* bono dofocl is less than foui centimeteis, it is bettei to bung 
the fiagmeiits togcthei When o\eiiiding of the fiagments exists, one must not lesect the 
bone ends moie than the minimum necessaij^ to perfoim an end-to-end leduction, this is 
impoitant, not only to avoid unnecessaiy shoitenmg of the limb, but also to secuie stiong 
piessuie of the bone ends on one anothei 

In these cases, intiamedullaiy nailing is the method of choice In this senes, it vas 
applied in thiiteen cases nith almost unitoim success (Table V) 

Aftei the bone ends have been exposed and fieshened, a piopei nail is intioduced fiom 
below upwaid into the supeiioi fiagment, and bioiight out of the thigh bj”- a small incision 
ovei the tiochantei Then the fiagments aie leduced and the nail is diiven into the mfeiioi 
fi igment 

In the fiist cases ticated, the soft paits weie closed afteiwaid, a plastei cast was 
applied and left on foi one month, and the patient w^as allowed to walk with canes 
In three instances, howevei, consolidation was delayed, and aftei five oi six months 
the nail bent (one case) oi bioke (two cases) Theiefoie, we think it necessaiy in all cases 
to complement the nailing bj’’ a giaft fixed with sciews In seven cases so tieated, consoli- 
dation alwa3'^s occuiied noimallj’’ in two oi thiee months, the patient being allow^ed to 
w'alk from the end of the fiist month 

2 Tibia Except foi a few oblique fiactuies, successful^ tieated bj’- fieshening the 
fragments and fixing with sciews, all cases of non-union in the tibia w'eie treated by 
giaftmg 

The inlay giaft is piefeiied, foi it piovides good fixation, often wuthout any metallic 
mateiial The giaft may be taken fiom the same tibia (sliding giaft) oi fiom the opposite 



Fig 5-4. 


Fig 5-B 


X' IVr ^ 

Fig 5-A Case 110 Decembe. 10, 1945 Large bone defect of femur after ^^ar iiound (11 centimeter, of 
shorten^g) t.bial and ibac grafts The shortening 

has been reduced to 5 centimeters 
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Fig 6-4. Fig 6-B 

Fig 6-A September 17, 1946 Bone defect of tibia after war wound 

Fig 6-B Maj 31, 1947 Seven montlis after inlay tibial graft and cancellous bone grafts, union has 
occurred 

one Not^^'lthstandlng its advantages, the sliding giaft is not so safe as a giaft from the 
opposite side In thiee of tvelve cases, a fiactiiie of the giaft occiiiied (Table YI), w 
one case iihile the plastei m as being applied, immediatel)’^ aftei the opeiation, in the other 
tno, at the thud oi fouith month On the othei hand, si\ giafts fiom the opposite side 
lesulted in si\ successes 

Large Bone Defects of the Lower Extienuiy 

The tieatment of such cases is much moie hazaidous, the gieatest risk being the ic 
curient infection, always to be feaied in these fiactuies mth seveie infection 

"l^Tien the bone defect is veij'- laige, it is difficult to piovide good fixation of the frag 
ments Theiefoie, a Kuntschei nail was used, the defect aiound the nail being fified ’ 
iliac chips This technique was used m five cases, — two femoia with laige bone defects 


TABLE VII 

Non-Union of the Femuk with Lengthening 


Method Empfoi cd 


Kuntscher nail plus iliac giaft 
Case 28 (defect of 12 cm ) 
Case 31 (defect of 10 cm ) 

Tibial and iliac giafts 

Case 110 (defect of 11 cm ) 


Opeiative Results 


Severe flai e-up of infection Deep, 
piolonged drainage until re- 
moval of nail and some of the 
- graft 

Uncomplicated No flaie-up of in- 
fection 


Clinical Results 


Umon in 22 months 
Union in 14 months 

Umon in 5 months In sixUi niond' 
graft fractured under P'a- 
spica New graft united 
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TABLE VII r 


\o\-Umon 01 am TtniA \mtii Largi Bone Defect * (Thirteen Cases) 


Opcritivc Method 

No of 
Oper itions 

Consolidations 

Failures ' 

1 

Average Period 
before Union 
Was Obtained 

Noimal 

Delayed oi Per 

with Complications cent 

Iliac graft 







Alone 

I 

i 



1 

Reoperation 

Plus Kuntschei nail 

3 

0 


33 

2 

1 amputation. 







1 reoperation 

Tihial giaft 

1 






Inlay 

1 


1 




Sliding 

1 

1 




8 months 

Tibial graft jilus iliac 







chips 

8 

7 


88 

1 

6 months 

1 

1 





(1 in treat- 

1 






ment) 

Tot ils 





1 


Operations 

14 

8 

2 

64 

4 


Cases 

12t 

1 

8 

2 

83 

2 



* Defects vaned from 3 to 12 centimctcis, a\ei aging 8 centimeters 
** Iliac graft added 
t One patient still under treatment 


(10 centimeteis and 12 centimeteis) and thiee tibiae The lesults aieie not satisfactoiy 
(Table VII) One of tlie femoia is now stiong and fiee fiom infection, in the other a little 
sinus IS still present, but theie is fair callus, one of the tibiae has united All five cases, 
hovevei, showed veij' seiious recurient infection, all or part of their giafts were elimi- 
nated, and suppui ation ceased onl}’’ af tei i emoval of the nail In tw o of the tibiae the i esult 
M as a complete failure 

Theiefoie, ve have now given up this technique and we ahiaj^s use a veiy long, wide 
tibial graft This giaft is inlaid in the fiagments, the pieces of bone lemoved fiom the 
fiagments aie laid in the bone defect, and iliac chips aie inseited in eieiy fiee space 
This method was successful in eight cases out of nine, nameljq m one femui and in seven 
of eight tibiae (Table VIII) 


CONCLUSIONS 

1 The inti amcdullary nail piovides an excellent method of fixation foi ceitam cases 
of non-union of the long bones Its advantages fox the femui and humeius aie paiticularly 
stiiking, it leduces the time of immobilization in a cast to one month, and affords eaih 
lehabihtation of the muscles and joints This is very impoitant, as these patients haie 
aheady been confined to bed foi many months Hovevei, the Kuntschei nail must be d.s- 
caided in all cases with pievious deep infection, because of the iisk of recurrent infection, 
as well as m those cases in which a laige bone defect is piesent, especially at the femui o. 
tibia In addition, it must alvays be combined uith a bone giaft, fi.mly fixed to the frag- 

nientb by sciews . , , , , r. . i r r 

2 The hhial giafi alone is the best method toi the tibia (ml i\ gi ift j me foi lu fon - 

i.ni (onlay giatt) It must be fixed le.y Inmly H the onln nietlmil < mjilov. d .. u. 

aie the best means of fixation (Tibles IX and X) , , rn t i r * 

3 The cauccllons hone taken fiom the iliac cicst i. the best material to fill bone defects 
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TABLE IX 


Non-Umon without Bone Dbiect 


Method Employed 

Humei us 

Radius and Ulna 

Femur 

1 . 

j Tibia 

Total 

1 

No 

1 

Per cent 
of Union 

No 

1 

Pei cent 
of Union 

No 

1 

Per cent 
of Union 

No 

1 

Per cent 
of Umon 

No 

Per cent 
of Union 

Nail alone 

4 

50 

9 

78 

10 

70 

2 

Ml 

25 

68 

Graft alone 

18 

72 

35 

91 

3 

100 

21 


77 

84 

Nail and graft 

8 

100 

4 

100 

3 

100 

1 


16 


Totals 

30 

48 

16 

24 

118 


TABLE X 
Bone DErECis 


Method Employed 

Humerus 

Forearm 

Femur 

Tibia 

Total 

No Per cent 
of Union 

No Pei cent 
of Union 

No Per cent 
of Umon 

No Per cent 
of Umon 

No Per cent 
of Union 

Nail plus cancel- 
lous bone 

Tibial graft plus 
cancellous bone 

2 100 

3 100 

11 100 

2 50 

2 100 

3 0 

8 88 

7 75 

24 96 

Totals 


11 

4 

11 

31 


if the fragments aie firmly fixed eithei by a tibial giaft (foi the tibia oi femur) or by an 
mtiamedullaiy nail (foi the humeius) 

In all cases, the bones must be sui i ounded by healthy soft tissue, made possible by 
the excision of the fibious tissue This tissue must be leplaced, ivheie supeificial bones 
aie concerned, by a pedicled skin giaft made in a piehminaiy stage In tbe case of deep- 
lying bones, leplacement is made m the same stage, by appioximatmg the adjacent muscle 
tissue 
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TUBERCULOSIS OF THE SPINE 


An ‘VNVL'isis OF CvsEb Tre\ted Surgically’’' 

13'i D\AUD M HOSAAORl'II, JI D , AND JACK LEVINE, M D , NEW A ORK, N Y 
I'rom the Orthopaedic Service, Sea I uw Hospital, Staten Island, New Yorl 

This studA’’ IS based upon 1/7 coiisecutiA'^e cases of Pott’s disease, treated suigicall}'^ 
t Sea \ieA\ Hospital duiing the si\-yeai peiiod fiom 1940 to 1945, inclusive Its primary 
nil pose A\as to examine the factois affecting the hospital mortality rate in this condition 
)nly those cases aie included in the senes m which at least pait of the surgery had been 
lone in this institution Excluded aie those cases Aihich AA^ere deemed inopeiable, those in 
\hich the patients lefused suigeij'', and those in which complete surgery had been done at 
itliei institutions, and the patients weie tiansferred to Sea VieAv Hospital for convalescent 
11 teiniinal caie 


INCIDENCE OF POTT’s DISEASE 

Of the 12,835 tubeiculous patients tieated at Sea Vieiv Hospital during the period 
lovered by this study, onty 417 had Pott’s disease, — an incidence of 3 2 per cent This 
Aeicentage is Avell beloAV that lecoided in the literatuie The generally accepted explana- 
Aon foi this 1 eduction in peicentage of spine lesions is the gradual disappearance of bovine 
iubeiculosis Aueibach’ claims that osseous lesions aie lelated to the primaij’’ complex 
Due to impioved tieatment of progiessive primary pulmonary tuberculosis, he believes 
Jiat the peiiod of possible metastasis is shoitened and the percentage of bone lesions is 
educed 2 


THE HOSPITAL MORTALITY RATE 

The moitality late foi the 417 cases of Pott’s disease A\'as 55 8 per cent (233 patients 
bed) Of the 177 patients opeiated upon, 66 (37 3 per cent ) died, among the 240 patients 
lot opeiated upon, there wcie 167 deaths (69 6 per cent ) 

Of the patients A\ith all foi ms of tuberculosis treated at Sea Vieiv Hospital, 4,114 
bed and 8,721 ivere dischaiged, the geneial moitality rate being 32 1 pei cent The 
noitality late foi the patients operated upon in our senes is only 5 2 per cent higher 
han this If Ave considei that the patients operated upon had more extensive involvement 
han the aveiage, and, if Ave contrast the percentages of mortality of those operated upon 
md those not opeiated upon, the favoiable influence of surgery becomes evident 

FACTORS INFLUENCING THE MORTALITA RATE 

icje 

The incidence and the death late in each decade (Chaits 1 and 2) aie in accord with 
Cleveland’s hguies, except that Ave found the highest mortality late to be in the sixth 
iecade, Avheieas it ivas in the thud decade m Cleveland’s series However, like Cleveland, 

■ve found that the veiy young patients did best of all, with a mortality rate of onl}"^ 14 3 
per cent This figuie is offered for the consideration of those who have accepted eailv 
usion as the treatment of choice in Pott’s disease in adults, but still hesitate to emploj' ^ 
Re same method in cliildien The deceleiation of deformitA and the increase in tlu 
fluid’s life span, piovided by suigeiy, aie fci uly astonishing Of tnent.A-foiir thildren iindci 
fliiiteen j'^eais of age aaAio suri^iA^ed, the average postoperative stay in the Hospit il w is 
hteen and one-half months Of fifteen children not operated upon, the aiorage hospit il 

Read at the Orthopaedic Section of the Ntw Vork Academ} of Medicine, April mS 
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staj-- in the si\-ycai pciiocl i\as t.\\pntv-si\ and one-half months No child ivho was not 
opei.itcd upon lecovoied suflTicienth to he dischaiged 

Sc\ 

One hundicd ind cloven ul the patienli, ueie males and si\ty-si\ weie females, — a 
prcpondeiance of the male so\ which has been obseived befoie Foit3^-five of the male 
patients died and tweiit^f-onc of the female patients, wdiich gums a highei mortality rate 
(40 5 pel cent ) foi the males, as compaied to the females (31 8 pei cent ) 

Race 

IMembeis of the negio lace show a definite susceptibility to tubeiculosis of the spine 
While ncgiocs lepiosciited only 38 7 pei cent of the total admissions to Sea View" Hospital, 
they constituted 221 (53 1 pei cent ) of the patients wnth Pott’s disease How ever, only 
39 4 pel cent of flic negiocs who had had adequate surgei}" died (37 of 94 cases), as com- 
paied to 34 6 pel cent of the W'liite patients (28 of 81 cases) In other words, with com- 
paiable suigical caic, the ncgio with tubeiculosis of the spine has a chance of suivival 
almost equal to that of the w lute man 


Area of Spine Involved 

The distiibution of tubeiculoiis lesions of the spine m this series is m agreement with 
the pattern lepoited bj" otheis In 82 5 pei cent of oui patients, the lesions weie piesent 
in the lowei thoiacic, thoiacolumbai, and lumbai legions (Chart 3) No attempt was made 
to list the numbei of vcitebiae involved in each case The evact extent of the disease can 
only larely be detei mined by clinical oi loentgenogiaphic study In twmnty-nme cases, 
mote than one of the seven chaited aieas weie diseased, in five of these, more than two 
aieas weie affected, and in tw o instances, the entiie spine was involved The moie wade- 
spiead involvement did not seem to affect adveisely the moitahty figuie among the 


CHARTS INCIDENCE and DEATHS by SPINE AREAS INVOLVED 
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MORTALITY 

RATE 


CHART4 DEATH RATE by SPINE AREAS INVOLVED 



surgically tieated patients This observation has also been made by Giidlestone Hom- 
evei , unlike Cleveland oi Giidlestone, the authois found that disease in the uppei (cei vical) 
portion of the vertebial column earned the highest moitahtj’' late (71 4 pei cent), 
lowest late (31 per cent ) vas found in disease of the lowei thoiacic aiea (Chait 4) 


TABLE I 

Patients with Neural-Arch Disease * 


Area of Involvement 

Number 

Died 

Number 
Dischai gecl 

Cervicothoracic 

4 horacic 

1 


Upper 

4 


Lower 

7 

3 

Thoracolumbai 

7 

2 

Lumbar 

5 

1 

Lumbosacral 



* In 22 of C6 patients who died 33 3% incidence 
In 6 of 111 cases discharged 5 4% incidence 
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TABLE II 

8iNusi,s IN Spinal 1 uBERcuLosis * 


Area of Involvement 


N’umbti of Cis s 


Cervical i 

Ceivicothoranc 2 

Thoiacic 

Uppei 7 

Lovei 15 

Thoiacolumbai 25 

Lumbai 13 

Lumbosacial 14 

Moie than one area 10 


* In 45 of 66 patients w ho died 68 2% incidence 
In 24 of 111 patients dischaiged 21 6% incidence 


A eiiral-Arch Imohement 

It IS general^ accepted that the posteiioi elements (neuial aiches), or so-called small 
paits, of the veitebiae aie seldom involved Although disease in this location is consideied 
a serious pioblem, a leview of the hteiatuie has failed to leveal any studies on this subject 
The suigical impoitance of such a lesion is obtuous Fusion must be attempted in this 
legion and, if tubeiculosis is piesent, the suigeon voiks m an infected field, on bone 
alieady diseased Statistics fiom this senes of cases piove the seriousness of such in- 
volvement (Table I) The neuial aiches veie involved m tventy-eight of the patients,— 
an incidence of 15 8 pei cent Of these, tventy-tvo died, — a moitahty late of 78 6 per 
cent 

Foitunatelj'-, clinical evidence of such m vehement sometimes exists pieopeiatively, 
as shovn by the piesence of swelling, abscess foimation, oi sinus neai the mid-lme Often 
it IS detected only at opeiation Raiely is it demonstiable by loentgenogiam (Fig 1) 
It IS onlj'' when the disease piocess is well advanced that loentgenogiaphic evidence of 
involvement of the neuial aiches can be ascei tamed definitelj’' 

"l^diile neuial-aich involvement necessitates a guaided piognosis, 21 4 per cent of 
the patients in this senes w^eie dischaiged on a model atel}'^ active legimen, as detei mined 
b}’- an aveiage follow"-up of thiee and one-half yeais It has been the policy of this Seivice 
to pioceed with fusion wdien neuial-aich disease is not discoveied until after suigeiy has 
been begun If clinical evidence of such disease is discoveied befoie opeiation, and if the 
tiibeiculous piocess is confined to one side, a hemifusion is attempted on the opposite 
side The skin incision in such cases is made w ell awmj'- fi om the mid-hne Foi the occasiona 


TABLE III 


Positive Sputum and Spinal Tuberculosis * 


Ai ea of Involvement Number of Cases 


Cervical 

Thoracic 

Upper J 

Lov ei g 

Thoracolumbai 

Lumbar ^ 

Lumbosacral , 

More than one area = == 

♦ In 15 of 66 patients w4io died 22 7% incidence 
In 28 of 111 cases discharged 25 0% incidence 
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TABI.K IV 


Oi III II Skei ft ai Poc I OF Infection * 

Foci 

Died 

Discharged 

1 otal 

Elbow 

10 

3 

13 

Knee 

7 

3 

10 

Foot and iiikh 

4 

5 

9 

Stornuni 

4 

3 

7 

Ilip 

2 

4 

6 

Shouldoi 

4 

1 

5 

Wnst 

2 

3 

5 

Fingers 

3 

1 

4 

Slernoclavicul u joint 

3 

0 

3 

More than one focus 

11 

1 

12 


* In 2i) of 6G patients in ho died 43 9% incidence 
In 22 of 111 cases discharged 19 8% incidence 


case m which neuial-aich involvement is bilateial, 5 mt the patient’s geneial condition le- 
mains good, a vanant of the fusion pioceduie has been devised Hemifusion with iliac 
stiips is done in stages, building fiom sound spinous and transveise piocesses above the 
tuberculous aiea outwaid onto the ubs (Figs 2-A and 2-B) This leconstiuction is earned 
downwaid onto the ribs, and then inwaid to the spinous piocesses below the diseased area 
Such a fusion can be successful even m the presence of mid-lme sinuses 

St n uses 

In si\ty-nine of the patients opeiated upon (38 9 pei cent), mixed-mfection tubci- 
culous sinus tiacts weie piesent Of this gioup, foity-five patients (65 2 pei cent) died 
dining then hospital stay Thus, the piesence of a sinus is a giave finding In this senes 
theie was no prepondeiance of sinuses fiom any area The distiibution closel}’- paialleled 
that of the tuberculous lesion, wnth the greatest number appearing in the thoracolumbai 
aiea (Table II) As in fiactuies, compounding the lesion adds gieat hazard Healing may 
occui and may be peimanent, but a potential explosive element lemains When the sinus 
peisists, seiious complication is to be expected Stieptomycm seems to be changing the 
pictuie, but the study of its effectiveness is not yet complete 

Pulmonary Tuhei culosis 

There wms a sui prising lack of correlation in this seiies between a historv of actiio 
pulmonaiv^ tubei culosis w'lth positive sputum and the moitahty late Of the 177 patient-^ 
operated upon, foity-three (24 3 per cent ) had had active pulmonaiy tubei culosis with 

TABLE V 

Non-Skbletat Extkapulmon 4R-i Foci* 


Source of Infection 


Died Disclmrged To| il 


Genito-urinaiy 

Cervical adenitis 

Gastro-intestinal 

Soft-tissue foci 111 i\tiLiniti(s 

Pentonitis 

Laiynx 

Moie than one aiea 

* In 26 of 66 patients who died 39 4% incidence 
In 13 of 111 cases discharged 11 7% incidence 


I 

3 

0 

3 

1 

1 

o 


IS 

9 

S 

4 

1 

2 
1 
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positive sputa or gastiic washings (Table III) The moitahty late in this gioiip was 34 9 
pel cent , which is 2 8 pei cent moie than that for the senes as a whole 

Cleveland believed that joint tubeiculosis in patients with pulmonaiy lesions and 
positive sputa had an unfavoiable piognosis exceeded only by metastatic spiead to othei 
oigans The success non achieved must be credited to the gieat advances m contiol of 
pulmonaij'' tubeiculosis 

Other Bones as Foci of Infection 

In fifty-one (28 8 pei cent ) of the cases, the spine was only one of several bone foci 
piesent Of these patients, twenty-nine (56 9 pei cent ) died Theie were twelve patients 
with moie than one extiaspinal bone focus, and of these, only one suivived,- — a moitahty 
late of 91 7 pei cent The suivivoi vas a young woman m excellent geneial condition luth 
mvolvement of only the ankle and talonaviculai joint on the same side Fusion was suc- 
cessful in both of these jomts, as well as m the spine A ten-yeai follow-up on normal 
activities was made in this case 

An unexpected finding was the distiibution of the extiaskeletal bone foci The site 
most fiequently involved was the elbow, next in ordei of occuiience weie the knee, foot 
and ankle, sternum, and hip (Table H'^) 

Non-Skeletal Extrapulmonary Foci 

Of thiit 3 '’-nine patients with othei extiapulmonaij’’ foci, twentj^-six oi 66 7 pei cent 
died (Table V) This figuie beais out Cleveland’s contention that patients mth compli- 
cating 01 game foci have a pooi pi ognosis The genito-uiinaij’- tiact was affected in eighteen 
patients (10 pei cent ) Othei viiteis ^ ® have found highei piopoitions 

Amyloid Disease 

Positive pi oof of am 3 doidosis was found in twenty-seven patients (15 2 pei cent) 
All but one died, — a moitahty late of 96 3 pei cent The one patient who was dischaiged 
had repeated 100 pei cent Congo-ied absoiption She disappeaied aftei a follow-up of 
two and one-half years, appaiently well, but on limited activity 

SUMMARY 

1 In tuberculosis of the neuial aich the prognosis is poor, but fusion is often success- 
ful 

2 While negroes appeal moie susceptible to tubeiculosis of the spine than white 
patients, they have an equal chance foi lecoveiy when offered adequate surgery and care 

3 Children with Pott’s disease piogiessed unfavorably under conseivative care at 
Sea View Hospital, but presented the gieatest and most rapid lecovei}’’ late in the whole 
senes when fusion vas done 

4 Pulmonaiy tubeiculosis, when conti oiled by modern methods, does not appear to 
affect the prognosis in the patients operated upon 

5 Amyloid disease accompanying tuberculosis of the spine is piactically ab'a}S 

fatal 
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SPONDYLITIS, PATHOLOGICAL OSSIFICATION, AND CALCIFICATION 
ASSOCIATED WITH SPINAL-CORD INJURY* 


I3\ DANILL J ABHVMSON, M D , VND SAMUEL KAMBERG, M D , 

JEFFERSON BARR\CKS, MISSOURI 

From Ihc Departments of Surgery and Radiology, 

Veterans Hospital, Jeffetson Barracks 

The many pioblems of injuiy to the spinal coid have been the subject of lecent in- 
vestigation The bones, ligaments, soft tissues, and joints may be affected by peimanent 
damage to the spinal coi d Neiii opathic joint changes wei e commented on as eaily as 1831 
b 5 '’ Mitchell, and m 1868 by Chaicot Calcifications and ossifications in the soft tissues, 
chiefly about the hips, have been noted by many wiiteis, including Voss, Biailsford, Soule, 
and Heilbiun and Kuhn, who also studied eiosive bone changes about the trochanteis 
This papei emphasizes anothei phase of abnoimal bone and joint physiology, — a spondy- 
litis similai in many lespects to the iheumatoid type, with fiequent involvement of the 
diaithiodial joints The lelationship of these changes to spmal-coid injury piompted this 
study 

Thiity-fi\e cases of mjui 3 '' to the spinal coid weie studied Of this numbei, twenty- 
foui patients had complete tiansveise lesions, si\ showed paitial lesions above the first 
lumbai segment, and five had lesions of the cauda equina The ages of the patients vaiied 
fiom eighteen to fifty-five, with an aveiage of twenty-eight yeais Only four patients neie 
ovei foity 3 ’-eais of age The aveiage time fiom injury until admission to this Hospital 
was seventeen months, langing fiom tuo to seventy-six months The aveiage hospital 
stay until dischaige, tiansfei to anothei centei, or death, was eight months, langing fiom 
one to thnty-foui months 

L\BORXTORY FINDINGS 

Twenty cases of complete lesions of the spinal coid weie selected for deteimmation of 
the blood-seium calcium and phosphoius, blood chlondes, seium proteins, and the quali- 
tative urinai 3 ’--calcium excretion (by the Sulkowitch test) Serum acid and alkaline phos- 
phatase veie detei mined m eight cases (by the King-Ai msti ong method) The acid phos- 
phatase was within noimal limits and the alkaline phosphatase was elevated to tventy- 
three units in only one instance, associated with hepatitis and jaundice Blood-calcium 
values ranged fiom 7 to 12 2 milhgiams per 100 cubic centimeteis, v ith an average of 10 4 
Blood-phosphoius values aveiaged 3 5 milhgiams pei 100 cubic centimeters, with a lange 
of 1 9 to 4 3 The Sulkowitch test showed one to four plus excietion m all cases except two 
The blood chlorides were below 400 milligrams pei 100 cubic centimeters m nine of these 
patients The serum proteins aveiaged 6 6 giams per 100 cubic centimeters, vith a range 
fiom 4 8 to 7 8 


roejvtgenographic findings 


RoGntgenogi Rphic suivsy includGd tliG vertGbra.1 colunm^ pelvis, and the hip region 
(Discussion of the fiactuie oi site of injuiy is intentionally omitted ) The bone changes 
and the level of the injury to the coid weie coiielated, and two gioups weie established 
Gioup A included lesions below'' the fiist lumbai veitebia and all partial lesionsj iric- 
spective of site, since the loentgenogiaphic findings m these two t^pes receded little 
essential diffeience, Gioup B included all complete tiansveise IcMons iboce the fiisl 
lumbai segment 


* Published wath the pernussiou of the Chief Medical Director, Department of Medicine and Surg< n 
Veterans Admimstotion! w ho assumes no responsibditj for tlie opimons expressed or the conclusions dnwi u 
by the authors 
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Fig 1-C 



I* IG 1-D 


JJ. I-D J„„e27,I«5 

of tekfuSp ’S boms of the pdvio girdle lio'e a scIcrotK ippraraiice and lliiri i- obin, latioii of 
the sacro Umc jointe Lacy and bizarre arrangement of periosteal ntn bone is present There 
calcific deposits about the region of the nght hip 
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In Group A, the findings A\eie not significant Theie ^^ele six paitial lesions above 
and five below the fiist lumbai veitebia One case was excluded fiom the analysis, because 
no loentgenogiam uas obtained of the lumbai spine oi pelvis In seven of ten of the le 
maining patients, changes weie evident in the sacio-ihac joint, manifested by nan on mg 
01 paitial fusion Otheivise, the pelvis Avas negative in foui patients, and osteopoiosis 
was piesent in six Fusion of the apophyseal joints occuiied in two patients The lumbai 
spine was othei v ise negative in five and osteopoiosis v as piesent in five patients No otliei 
ligamentous oi soft-tissue changes ueie obseived in this gioup 

In Gioup B, the findings weie moie sti iking, and lepiesented a moie advanced stage 
of the disease piocess Theie AAeie sixteen loAv-thoiacic lesions, five uppei-thoiacic lesions, 
and thiee ceivical lesions The pelvis was negatnm in two cases, with osteopoiosis in foiii- 
teen, maiked scleiotic changes in only thiee, and a combination of scleiosis and osteopo 
rosis in five Of piimaij'- interest veie the sacio-ihac joints, in all but thiee of ivliich some 
degiee of scleiosis vas manifest, vai3’-ing fiom paitial to complete fusion Complete fusion 
occuiied in eight patients, in foui of whom it w'as bilateial Some degiee of scleiosis ivas 
noted about the acetabulai maigins Othei findings included lacj" peiiostitis of both ischia, 
a naiiowed S3^mph3’^sis pubis, and stieak3'- calcifications in the buttocks 

Roentgenogi aphic findings in the lumbai spine showed that the apoph3'^seal joints 
wmie immlved in fifteen cases, with a vaiymg degiee of fusion Osteopoiosis of the bodies 
was piesent in twmlve, scleiosis in six, and a combination of the two in foui patients The 
bodies AAeie negative in two patients Rathei maiked scleiosis of the bodies of the fifth 
lumbar and the fiist sacial veitebiae wms piesent m nine patients Calcification of the 
paiaspmal ligaments occuiied in onl3’- twm patients 

Of paiticulai mteiest w^eie the piolifeiative bone changes and soft-tissue calcifica- 
tions about the hip joints and the uppei poition of the femui, seen to a vai3’-ing degiee in 
seven patients in this senes Theie was no definite peiiod of time between the tiauma and 
the loentgenogi aphic manifestations, although most of these patients weie seen one to two 
yeais aftei injuiy 


COiMMENT 

A vaiiet3’' of bone lesions occui in the paiaplegic patient (Figs 1 -A thiough 1 -D) The 
soft-tissue ossifications and calcifications about the hip aie of fiequent occui lence, but 
the3'’ follow no similai pattein Thus, exostoses ma3’’ aiise fiom the acetabulai maigin, or 
peiiosteal new -bone foimation may be piesent New -bone foimation oi calcification may 
OCCUI in the muscles oi fascia The appeal ance may be like that of solid dense bone or 
it ma3'' have a stiiated appeal ance Piolifeiative bone changes ma3'- occui in the tendons 
01 joint capsules, and, in the lattei, may lead to ank3dosis The joint space, howmvei, is 
usuall3'’ unmAmlved 

No eAudence of the neuio-aithiopathies Avas seen in this senes, piobabb^ because o 
the lelatiAm mfiequenc 3 ’- of wmight-beaimg and incieased iecumbenc 3 ’' Soule stated that 
the changes aie most piomment about the tibial collateial ligament He obsenmd no ossi- 
fications anteiioi oi posteiioi to the knees m his senes Heilbiun and Kuhn described the 
eiosiAm bone changes in the region of the gieatei tiochantei, secondai3^ to decubitus ulcers, 
as “fiist, eiosnm changes leading to loss of the noimal contoui of the tiochanteis am i 
flattening, followed by leshaping oi molding, and latei lepaii of the eioded suiface avi i 
f 01 mation of an abnoi mal contoui by pi olifei ative oi exubei ant bone Pathologica 

this IS evidenced by a subacute and chionic infection of the tissue oAmi lying the bone, am 
extension to the supeificial la 3 mi& of bone This leads to lesoiptioii of the coitcx and unjr^ 
lying tiabeculae The bone maiioAV is leplaced by fibioAxasculai tissue which accompa 
the loAV-giadeinflammatoiy piocess ” aments 

The involvement of the sacio-iliac and apophyseal jomts and the spinal iiga 
meiely one phase of the ovei-all disease piocess The similaiity between this o 
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spondylitis md i houni.it oid spondylitis is cvidciuod by involvement of the small posteiioi 
intci vci tcbi il 11 tipul.itions .ind the smio-ihaf iiticulations, the atiophy of the bodies, 
iind the Cidcihe.vtions of the inteispinal ligaments Ceitain diffeiences aie evident Despite 
the level of the coid iniuiy, no instance n.is seen of involvement above the liimbai spine 
Although osteopoiosis vas the piedominant hnding, it may be accompanied by densifica- 
tion The p.iiaspin.il hg.aineiits aic inoie commonh'’ involved m iheumatoid spondjditis 

The changes obsei ved in this gioiip ot paiaplegic patients include exostoses, diaitliro- 
dial-joint and ligament changes, massive soft-tissue ossifications and pathological deposits 
of calcium, and scleiosis and osteopoiosis ot the pelvis and veitebiae In these patients, 
the impoitance of the ncuiotiophic lesion is appaient Eloessei and Repetto have added 
to the kiiOM ledge of the pathogenesis of the neuioti opine joint By animal expeiimentation 
they veie able to pioi e that, m addition to loss of joint sensibilit}’', lepeated tiaumata iveie 
necessaiy to pioduce the typical joint changes The neuioti opine lesion and lepeated 
tiaumata play .in inipoitant pait m the pioduction of the extensive soft-tissue calcifica- 
tions 01 ossifications ^Yllcthel oi not the mechanism of pathological calcification is due 
to distuibance in fat metabolism, changes in the pH of tissues, phosphatase actmty, 
secondaiy hj^peipaiathyioidism oi ciiculatoiv changes, oi to a combination of these 
factois, IS not definitely known 

Klotz demonstiated antecedent fat changes in the affected aieas ivitli msoluble 
compounds leplacmg soluble ones, paiticulaily with an excess of calcium Robison empha- 
sized the impoitance of phosphatase in pathological calcification He found that this cn- 
z3'^me was iichest in ossifying caitilage and, to a lessei degiee, in the kidneys In affected 
tissues tlieie is h3’-diolysis of the estei and hbeiation of inoiganic phosphate The m- 
cieased conccntiation of phosphate lesults in the piecipitation of caibonates Gomoii, 
howevei, has demonstiated that calcification of hyalinized connective tissues occuis wutli- 
out any phosphatase activity, but that living oi lecently neciosed tissue seems to involve 
phosphatase activit3’- 

Wells believed that, in aieas of tissue degeneiation, deposition of calcium salts is 
dependent upon incieased alkalinit3’’ oi decieased caibon dioxide He suggested that cal- 
cium salts aie held in solution b3'' pioteins, eithei as caibonate oi phosphate oi as calcium- 
lon protein compounds, oi both This delicate balance is capable of being oveithiown by 
alkalinity, changes in piotein oi caibon dioxide, oi changes m the quantitY”' oi composition 
of the calcium salts Vaughan and his associates stated that theie is a tendenc3’’ foi pie- 
cipitation to occui with maiked changes m the pH of the media, oi when incieased phos- 
phatase IS piesent Piecipitation with noimal blood levels ma3’' take place fiom non-col- 
loidal ionic solutions When h3'^pei calcaemia is piesent, piecipitation occuis fiom colloidal 
suspension of calcium-phosphate-piotein complex In lenal disease, Schmidt pointed out 
that the mcieased albumin and phosphate excietion affected the calcium balance These 
substances oidmaiily act as buffeis to keep calcium in solution With chionic leiial dis- 
ease, the pioduction of secondai3'^ h3'^peipaiath3'^ioidism is anothei possible etiological fac- 
toi Pappenheimei demonstiated h3''peiplasia of the pai atliYu oids m nephiitic conditions 
He show^ed that leduction of lenal tissue m 3’'0ung lats resulted in an incieased volume of 
the paiath 3 ''ioids In addition, wdien these lats weie placed on a low -calcium diet, lachifu 
changes occuiied m the bones With a model ate-calcium diet, the changes weie in the di- 
lection of osteitis fibiosa Soffei and Cohn, in discussing secondan hvpeipai itlmoidism, 
found that such cases weie not chaiacteiistu Theie mav be hvpeiphstu gl inds with oi 
without bone changes, oi bone and chemicil changes with histologic dh noimd pii ifln- 
loid glands The dem.ind foi calcium .ippaienth is incieased, although llu c \ ic t met h i- 
nism IS unceitam 

Fiom a pathological standpoint, the explanations ach ancod h^ Leiic he ind Pohe aid 
and Watson Jones and Robeits, based on the impoitance of ciiculaton tlisUiib mees offc i 
a leasonable explanation foi the multiple changes obserc ed m these indn iduab Tims, In - 
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MYOSITIS OSSIFICANS IN PARAPLEGICS 

BA LEO FREDERICK MILLER, M D , AND COLMAN J O’NEILL, M D , CHICAGO, ILLINOIS 

From ihe Orthopaedic Surgery Section of the Surgical Service, 

Veterans Administration Hospital, Hines, Illinois 

At the end of Woild Wai II, a large numbei of paiaplegic patients had to be tieated 
at the various paiaplegic centeis thioughout the United States As a lesult of excellent 
care, these patients aie now living longer than the average patient of seveial 3eais ago, 
and some are piesentmg unusual complications The authois have compiled data concoi n- 
mg one of these complications, as veil as meagei matenal which has been culled fiom the 

hteiatuie t* i r 

Myositis ossificans was lecogmzed more than tvo hnndied jcais ago Until aflci 

Woild War I, however, piactically nothing vas vritten about the occuirence of this dis- 
ease m tiansveise lesions of the spinal coid The principal rcpoits m the literature haAc 
been lecoided by Fiench neuiologists After World Wai I, thej followed a considerable 
numbei of these patients fiom an orthopaedic as veil as from a neurological standpoint 
and piesented some of the eaihest descnptions of mAos.t.s ossificans in the piripleg.c 
patient 
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In 1919, Dejeime, Ceilliei, and Dejenne piesented a papei to tlie Societe de Nemologic 
of Pans on the anatomical and histological study of para-osteo-arthiopathies m cord 
lesions They stated that paia-osteo-aithiopathy has certain points of predilection 
The fiist aiea is about the medial femoial condyle Dense compact tissue is foimed, which 
may be a single mass oi may have an appaient extension along the femoial shaft This 
diaphj'-seal extension, hovevei, is a fine lacewoik of bone described as being “soufflees” 
Second, the condition is found about the hips, but nevei above the pelvis oi below the 
knees The incidence of this lesion was found by Dejeime and her co-workeis to be 48 7 
per cent They also stated that the lesions make an early appearance and undeigo rapid 
evolution to vanable size Theie was complete mtegiity of the aiticular skeleton, except 
m one case, in vhich they found this condition concomitant with evidence of osteo- 
aithiitis The type of tissue at the vaiious sites of piedilection ivas quite constant, they 
found no evidence of infection oi hemoiihage in the aiea of calcification, noi was the 
calcification found in decubitus ulceis oi scais 

Since 1919, many ai tides have been ivntten on myositis ossificans lesultmg fiom 
tiauma, but not m lefeience to coid lesions Geldmacher, m 1925, wiote an aiticle on the 
subject of mjmsitis ossificans m cord lesions, which was lefeiied to by Frejka in 1929 in his 
case study of piogiessive myositis ossificans In 1943, Hanke, in Germany, -wwote an article 
on myositis ossificans ciicumsciipta neuiotica in paiaplegics following veitebial fiactiiie 
Stangei, in 1946, lepoited the complication in two cases of paiaplegia He describes this 
condition as ossification of the pelvifemoial muscles following fiactuie-dislocation of the 
thoiacolumbar legion of the spine, sustained in coal-mine accidents near Leeds, England 
The ossification became evident six months aftei injuiy, but the masseuse had noted 
mci eased lesistance to passive flexion at foiii months One patient showed no other ossifica- 
tion The othei patient latei had kidney calculi and some involvement of the knee joint 
Fiejka, in his lepoit of piogiessive myositis ossificans, mentions Geldmachei’s study, 
in vhich the knee and hip joints veie involved at a veiy eaily date aftei cord trauma 
Paia-aiticulai bony layeis appealed, “partly adjacent to the peiiosteum, partly lying free 
in soft paits” He reported that development was fully attained within eight months, and 
that the condition remained static thereafter Fiejka fuithei states that “The new bone 
foimation is alna5’'s piimaiy Neither hemoiihages, inflammatory changes, necroses, or 
nev vessel foimation have been observed ” 

These are the obseivations which have been made in the past on myositis ossificans 
in paiaplegics, oui observations have many points m common with them The sites ne 
have seen most frequently involved are the hips, the upper thud of the thighs, and the 
knees Involvement of the knee has not been frequent, but the ossifications seem to be 
similar m type to those desciibed by Dejeime at the medial femoral condyde The mass in 
the thigh IS palpable and is usually very firm oi hard and indurated It is fixed and follons 
along a muscle group fiom the pelvis to the thigh, eithei anteiioily oi medially If tie 
mass IS large, the size of the thigh is increased Hip motion is usually limited, hoAvevei, 
in only one case thus far has surgery been necessaiy to free the hips, m oidei to P®™’ 
the patient to be mobile in a -wheel chan The pelvis and lower extremities show 
osteoporosis and, with the severe spasms, the hip may be dislocated oi the femoral nec^ 
fractured Uiinaiy calculi aie often seen in these patients In fact, the myositis ossi can 
is frequently an incidental finding on a “scout film” for kidney calculi 

Often these patients he pi one in bed for long periods of time, while plastic 
IS earned out on then decubitus ulceis, thus placing pressure continually 
portion of the Hughs The patients aie moved frequently by attendants, and they g 
and ont of wheel chans, automobiles, bathtubs, and carts by themselves, putting i 
and strain on soft paits of paralyzed, anaesthetic limbs Theie is also the la. 

of physical therapy, combined with heat and massage, performed in a gentle ye 
tive manner Some paiaplegics have ossification in one area of predilection, u ^ 
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all Ihiec aic lb of picdileclaon AVe have felt that the lesion appeals as Dejeime and hei as- 
sociates descnbe, but ve have not seen neaily so high an incidence (48 7 pei cent ) as the}^ 
lepoit In this institution thcie has been a continual tuinovei of patients, with the con- 
stant nuiubci leinaining aiound 289 patients, j'^et we have nevei seen moie than twelve 
cases of typical myositis ossificans dining any thiee-month peiiod 

Classtficaiioti 

The authois have accepted the classification of Noble, as quoted by Golden 

1 ]\Iyositjs Ossjficans Piogtesstva 

This disease begins soon aftei biitli and is chaiacterized b}" congenital mici odactyha, 
01 at least by shoit fiist digits of the hands and feet Theie is appaiently a metamorphosis 
of muscle into bone, all of the skeletal muscles becoming involved piogiessively Death 
may occiu fiom involvement of the diaphiagm and the abdominal muscles 

2 Alyosihs Ossificans Cii cumscupla Resulting fi om Local Tiaunia 

This IS called musculai osteomata and usually develops late in life, possiblj'^ due to 
occupational injui}’- The disease piocess is localized to one site of lepeated injui}’’, — foi 
example, the adductoi longus (“iidei’s bone”) oi the biachiahs (“fencei’s bone”) 

Anothei local ossification following a single tiauma belongs m this gioup Histoi}'^ 
has been obtained of a seveie contusion, a dislocation, oi a tangential bullet vound to the 
bone The condition ma)'’ also develop in the muscles of the abdomen after suigei3'' This 
IS the most common type of mjmsitis ossificans and ma3'^ become a suigical pioblem 
The mjuiy in this type is recent, but the pain seems to continue beyond the time that it 
Mould noimally be piesent In about three to five weeks, a deep-seated fixed sw^elling is 
palpable at the injiU3’' site, and loentgenogiams leveal a calcium shadow^ in the legion of 
the muscle The swelling may extend down to bone and become attached This type is 
often confused wnth saicoma, but it follows a muscle pattein, nevei shows eiosion of the 
bone shaft, and is parallel to the shaft 

3 Myositis Ossificans Ciicumscnpta without History of Tiauma 

The condition is usually an incidental finding during examination of the patient oi of 
his roentgenograms This gioup includes the m3'’ositis ossificans ciicumscnpta neuiotica 
w'hich IS discussed in this papei and lecoided b3'^ Geldmachei, Fiejka, and Dejeiine 
It IS a pai a-ai ticular ossification, associated with coid lesions Also included m this 
gioup are the tabetic osteo-arthi opathies and the soft-tissue calcification which occur m 
these patients from very minoi trauma, such as h3’^podeimiC'needle punctiiies Rough 
handling of anaesthetic joints may be the souice of tiauma in these cases 

Fiejka wmuld include a fouith gioup in which, aftei muscle oi joint inflammation, as 
in rheumatoid aithiitis or rheumatic fevei, theie ma3’' be associated ossification of muscle 
and soft paits 


Blood-Chemisti y Findings 

The blood-chemistry studies on these patients aie disappointing It ■^eeins iiniisu d 
that, with wudespiead osteopoiosis and local osteogenic reaction occur i mg in such cises, 
some evidence of universal change is not detectable m the blood Significant changes 
must be occurring, but not enough to altei the blood chemisti3 

Fiejka, in his cases of mjmsitis ossificans progressiva, found no fhemu d changes 
01 anv mmeial imbalance to account for the widespiead sdeioMs Hi lepoit. tint man^ 
authois have investigated this pioblem, yet failed to find chinge^ of s,gn,fic incc h( ingi . 
m his lepoit of twm cases, revealed no calcium, phosphoius o. pho-ph i( < i, u.gu . 

The authois^ studies on blood calcium, pho-^phoius, uul pho.ph it i-c (1 dilc I) 
showed nothing of significance The calcium was well within the norm d r ingc i. were tin 
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phosphorus and alkaline phosphatase The entire blood pictuie failed to show any alteia- 
tion Accoidmg to Best and Taylor, calcium-balance studies in some instances have re- 
vealed calcium letention vith values of blood calcium and phosphoius that aie normal 

Roenigenogi aphic Findings 

The loentgenogiaphic findings in these patients aie faiily obvious Noble desciibes 
the shadows in mjmsitis ossificans ciicumsciipta tiaumatica as fiist being mottled and 
latei homogeneous Stupes and spots appeal vhich coiiespond to muscle bundles and 
fascial planes Stangei’s films leveal a similai pictuie The ossification is pimcipally 
aiound the hips, as in oui cases 

The authois’ eailiei loentgenogiams veie kidney, uietei, oi bladdei films, taken for 
genito-uimaiy calculi The calcifications in "the hips, as seen m these films, veie in- 
cidental findings and veie usuallj'^ the fiist indication of musculoskeletal abnoimality 
The dense calcifications aie about the hips, although seveial films shov minoi changes 
about the knees The hip joints appeal faiil 3 '- noimal, but they aie somevhat obscuied 
the calcification, vhich is dense and tiabeculated It most commonlj'^ extends anteiioilv 
fiom the anteiioi supeiioi iliac spine ovei the hip joint and along the lectus femoiis, eithei 
in addition to this couise oi as an alternative, it ma}'^ descend medialty fiom the iliopubic 
lami into the adductoi muscle gioup Theie maj'’ be a variable numbei of spuis, bands, oi 
budges of dense calcification fiom the tiochanteiic legion of the femui to the acetabulum, 
ilium, 01 ischium In Figuies 1-A to 3-C, inclusive, vhich show piogiessive development of 
the mj’-ositis, diaphj’-seal calcification and knee involvement aie illustiated 

Pathological Findings 

The authois have obtained pathological specimens as well as seemingly noimal tissue 
fiom the one patient opeiated upon The anatomical and histological pathology was well 
desciibed bj'’ Dejerine, Ceilhei, and Dejeime, in 1919 The specimens vhich they pre- 
sented veie obtained fiom eleven patients, involving sixteen joints, and we have taken 



Fig 1-A 

Case 5 July 19, 1946 Eaily evidence of piocess is visible over light trochanter 
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Fir 1-B 

August 20, 194G Theic is wuUspu'xd evicldicc of culj Itsion Shadows aic soft but definite 



Fic 1-C 

December 2S, 1946 Further advanccmcnllns occurred, mubalb wdsupinorK 
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the libcitv of quoting c\t cnsivelj’- fiom then findings, because of the scaicity of lepoited 
matoii \1 

\t the medial leinoial condyle, Deteiine desenbes a (ompact bon'\ nodule oi piong, 
and, ilong the diaphvsis, a fine laeewoik of spongy bone The spongy bone appioximates 
the calcification at the medial condyle and along the femoial shaft by contiguity lathei 
than continuity The hip joints piesent a bony scaffolding in thiee paits Anterioily, 
1 band extends fiom the anteiioi infeiioi iliac spine to a line between the tiochanteis, 
111 fiont of the joint capsule and beneath the iliopsoas Posteiioily, the calcification ex- 
tends fiom the ischium to the posteiioi boidei ot the greatei tiochantei Infeuoily, a 
nioie slendei budge aiises fiom the iliopubic legion and attaches at the lessei tiochantei 
The implantations about the femoial neck aie compact bone, but the lest is spongy 
The bone gions fiom each side and joins ovei the neck The joints themselves aie not 
involved, unless they aie the site of puuilent aithiitis oi osteo-aithiitis In the soft tissues 
fai fiom the skeleton, nev-bone giowth appeals in muscle It begins as bony points oi 
needles, disseminated undei the fascial envelope of the muscle, m hypei plastic, dense con- 
nective tissue Bony plates, foimed m one patient, neie found to be 18 centimeteis long 
and 2 centimeteis vide These weie inegulai, jagged, and laigely fenestiated The tissue 
Mas lather compact undei the anteiioi thigh muscles, but had no skeletal attachment 
Theie vas complete absence of infection oi hemoiihage, noi was any new-bone formation 
seen in decubitus ulceis oi scais 

Histologically, Dejeiine’s desciiption is in accoid with the authois' findings Slendei 
tiabeculae, m coids oi folds, limited the laige medullaiy spaces Theie w^as abundant 
vasculaiity in the maiiow", which was iich in fat cells and connective tissue, and islets of 
liemoirhage w^eie present In the cential poitions betw'een tiabeculae, the maiiow was 
made up of a fine, slightly vasculai, reticular tissue, containing laige fat cells, in the 



Fig 2-A 

Figs 2-Aaiid2-B Case 2 June 3 
Fig 3-A Case 4 November 15, 


Fig 2-B 

1946" Anteropostenor and oblique 
1946 Knee in\ olveincnl is eindcnt 


MCWS 



Fig 3-A 

of diaplij '-cal oalt ific it ion 
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mteistices of -neie \avidl5’- coloied mj'-eloid cells Towaid the peiiphei3^, where the 

trabeculae 30m, the connective-tissue stioma was dense, vascular, hemorrhagic, and con 
tinuous with the fibrous wall, similar to periosteum Limng this layer, next to the tin 
beculae, were cells like cjdmdiical epithelium, similar to osteoblasts The trabeculae 
showmd a regular 01 11 regular senes of bone cells in uneven thickness of bonj’- lamellae 
These were avascular, but had Haversian canals, around w^hich bone cells were disposed 
in concentric lamellae In one case, plaques of cartilage were also present The caitilage 
cells w ei e not gi ouped m 01 dei 13'’ patterns and umre vai red m shape, some being globiilai and 
others elongated In some places these cells wmie immersed in a basophilic substance which 
tended toward a zone of acidophilic staining Other cells, howmvei, stained pooity, weie 
scarce, and were surrounded b3’' a substance onl3’' slightl3’- basophilic Outside of this was 
the osteoblastic la3mi Near centers of ossification, true intramuscular and peiimuscular 
sclerosis occurred In one case, the cross stiiations of muscle were gone and there was a 
proliferation of the nuclei of the sai colemma The fibers were atrophic and segmented, as 
in an3’' lesion of the cord 01 roots The muscle fasicles were separated and appeared 
drowned m a connective-tissue oedema 

The gross pathological findings in the authors’ case were described b3'' Di Fred Hark 
at the time of suigei3^ Both the right and left hips were operated upon, because the 
patient was unable to sit m a wheel chan In the right hip the calcification was found 
to involve the rectus femoiis, from its origin to the junction of the proximal and distal 
half of the muscle The joint capsule was calcified, and the vastus lateralis also had some 
calcium deposits A hp of calcification extended fiom the anteiioi inferior iliac spine 



Fig 3-B r 


November 15, 1916 Preoperative film of lesions of both hips, hniiting hip motion 

bone and joint soboeb 
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Fig 3-C 


F(biuii3' 5, 1947 Postopei alive film aftci suigical proceduics on both hips 



Fig 3-d ^ ig 3-D 


Fig 3-D High-powei anew of fibrosis inthin the degenerated muscle tissue 

Fig 3-E Dark-staimng cartilaginous tissue « ith border of osteoblasts Lacang doi\ n nei\ bone 4t 
the top IS osteoid tissue 
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Fig 3-F Fig 3-G 


Fig 3-F Lois -power photomicrograph of bone 

trabeculae with surrounding marrow cells, as in 
adult bone 

Fig 3-G High-pow er view of adult bone and 
marrow cells 

Fig 3-H Lower portion shows atrophic muscle 

and fibrosis, wnth portion of adult bone at top 
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TABLE I 
Analisis of Ga'=ls 


Cisc 

No 

Levels 

of 

Lesion 

Si) ism 

Gcnito- 
Ui man 
C ilcuh 

Pci lod 

Pi one 

Calcium 
(9 to 12 
mg /lOO c c ) 

Phosphoi us 
(2 5 to 4 5 
mg /lOO c c ) 

Alkaline 
Phosphatase* 
(0 0 to 5 0 
Bodanskj 
Units) 

1 

Second 
lumb u 

+ + 

No 

1 \cu 

9 7 

3 7 

3 8 

2 

Fouith, fifth, 
and sixth 
thoricic 

+ 

No 


11 0 

3 C 

4 0 

3 

Thud and 
fourth 
thoracic 

++ + 

No 

2 months 

11 5 

3 G 

17 1 and 8 5 

4 

First lumb ir 

0 

No 


11 0 

3 6 

6 9 

5 

Sixth 

thoracic 

+++ 

Acs 

2 ycais 

10 8 

4 5 

5 1 

6 

Fifth 

thoiacic 

++ 

No 

3 months 

10 8 

3 5 

2 8 

7 

Fiiast lumbal 

0 

Yes 

Fi equently 
since 

m 1935 

10 9 

3 5 

6 3 

8 

Tw elfth 
thoracic 

+ 

Yes 

2 months 

11 2 

4 4 

10 2 

9 

Ninth 

thoracic 

+4- 

No 

2 months 

10 9 

3 7 

3 9 

10 

First lumbar 

+ 

No 

6 mouths 

10 4 

3 4 

5 9 


* Alkaline-phosphatase values, as detci mined m our laboiatory, aie felt to be of little significance until 
elevated above 10 units Case 3 shows a high value wluch was rechccked and found to be nearly normal 
This patient was phjsically inactive, and showed a marked inciease m his osteoporosis and piogressn c stiff- 
ness of the joints of the lowei extremities Case 8 shows a high value, possib^" because there was some 
evidence of extension of the original mj ositis ossificans 

tamed noimal maiiotv blood-foimmg cells The bone tiabeculae weie of the adult tj^pe 
One aiea showed the deposition of calcium salts within and aiound 3 mung caitilage cells 
and osteoid tissue Except foi this one area, no active osteoblastic piohferation was seen 
Thioughout the slides theie weie dense collagenous deposits with few cells, and in the 
aieolai tissue and fat weie numeious blood vessels (Figs 3-D to 3-H, inclusive) 

Theories of Formation 

Many theoiies exist foi the development of mjmsitis ossificans Eacli can be applied 
to a paiticulai case and w^ould adequately explain wdiy new bone is foimed, but no one 
theoiy explains wdrj'^ osteogenesis occuis instead of fibrosis The paiticuIai elements 
piesent w'hich make the situation favoiable foi bone foimation aie discu'^sed b 3 xaiioiis 
viiteis 

Dejeime and hei associates attach consideiable impoitance to the subciit ineoiis and 
deep oedema of the tissues, which modifies or alteis in some wa3’' the resi'^tance of the 
connective tissue, and to the functional ii ritabiht 3 '^ of the nerxe elements of tlie intermedi- 
ate lateial sympathetic column of the spinal coid, immediately adjacent to the traum itic 
lesion They feel that detachment of the peiiosteum could explain ossification around tlie 
epiph3fseal and diaph 3 ’^seal poitions of the bone, but that it does not explain the intn- 
musculai ossification The 3 ' beliexm that a metaplasia occurs 

This gioup of woikeis fiiithei contend that all primitne connectne tissue is c ipilili 
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of foiming fibious tissue, tendon, muscle, caitilage, oi bone, since all have a commor 
oiigin from mcsoblastic tissue Peihaps by coid tiophism, undei the indiiect infliiene 
of oedema and of functional nutation fiom the mteimediate lateial sj’^mpathetic column 
and undei the diiect influence of necessaiy handling of patients, vhich pioduces tiactioi 
on connective tissue, ligaments, muscles, and tendons, metaplastic phenomena aie pio 
duced, causing paia-osteo-aithiopathies m these paiaplegic patients 

Stangei lecently suggested two possible causes for osteogenesis m tiansveise core 
lesions The fiist is “impaned urinaiy excretion of nitrogenous bodies, causing a mobiliza- 
tion of calcium fiom the bones of the paralytic limbs” Second, a Charcot-hke leactior 
occuis aiound a deneivated joint, subjected to passive sti etching 

In transverse coid lesions, Geldmachei’s theory fiom the study of his cases iias 
analogous to that of Leiiche Geldmachei believed that the tissue loses its chaiacter 
by tiophic influences and assumes the chaiactei of embiyonic tissue Calcium salts are 
mobilized fiom the atiophic bone which accompames the paialysis, making the situation 
favoiable foi bone formation Fiejka gives Leuche’s theory of the conditions necessarj 
for bone formation (1) embi3mnic connective tissue, stimulated by hemorrhage, rheumatic 
01 puiulent inflammation, tiophic changes from coid lesions, et cetera, and (2) local in 
crease m lime salts m Ij'^mph, produced bj'^ absorption of adjacent bone He thinks that the 
local ossification differs from the progressive form m that a general predisposing dj'^stiopln 
01 diathesis is lacking, but that aU types of mjmsitis ossificans should be considered as the 
same maladj'' 

Note This papei is published with the permission of the Cluef Medical Diiector, Department of 
Medicine and Surgeiy, Veterans Administration, who assumes no responsibility for the opinions exprew 
or the conclusions draw n by the authors 

The patients studied w ere cared for on the Paraplegic Service, w Inch is under the supervision of the 
Department of Nervous and Mental Diseases of Northwestern Umversity Medical School, through flic 
auspices of the Deans’ Committee of the Veterans Adimmstration Hospital, Hines, Illinois 
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KllN'PSCHKK H iMKDULLAKY NAILING 

n\ I’UOI DU LOUl N/ UOHLI R \ND DR lORO BOHLER, AMEN, AUSTRIA 
I'lom the I nfallkrajikenhaus, Wien 

At Die si\t 3 ^-fo!!itli meeting of the Deutsche Gesellschaft fw Chnwgie, held at Eastei 
time, 19-10, Kiuitschei piescnted his new method for the tieatment of fiactuies of the 
shafts of the long bones His method, which is employed aftei exact i eduction of the fiag- 
nients, consists in the mseition of the so-called “mediillaiy nail”, a long stainless-steel 
pm, thiough a small incision at a point away fiom the fiactuie site This medullaiy nail 
unites the fiagnients so himly that, as a lule, the fiactuied limb can be lifted at once and 
can be nioi ed actn ely w itliout additional external suppoit, like the nailed fiactuie of the 
neck of the femui Aftei bonA'^ union, the medullaiy nail can easily be lemoved by a simple 
opei ation 

Closed medullaiy nailing has two gi eat advantages ovei foimei tA^pes of osteosAmthe- 
sis, — namely (1) almost complete avoidance of infection, and (2) complete stability, so 
that, as a lule, no othei suppoits haA^e to be used 

In fiactuies of the femui, the fiagments can slide along the nail and be piessed to- 
gethei The medullaiA^ nail eliminates all detiimental factois of tiaction and "sheei mg, 
and onlA" the faAmiable factoi of piessuie exists The callus foimation is theiebA’' enhanced, 
while it IS often hindeied bA'’ the use 0 “^ plates, as the fiagments aie held apait (Figs 8-A 
and 8-B) Fuitheimoie, aa ith closed medullaiy nailing, the hematoma and fiactuie detiitus 
so impoitant foi the legeneiation of bone aie letamed, and the peiiosteum and adjoining 
tissues aie not fuithei tiaumatized The thiee mam lules of fiactuie tieatment — i educ- 
tion, fixation, and exeicise — aie accomplished m an ideal mannei 

Theiefoie, m piopeily selected fiactures of the shaft of the femui, closed medullaiy 
nailing is fai supeiioi to all known foims of tieatment This method has also pioA'ed 
woith while m the tieatment of localized osteitis fibrosa CA’-stica of the femui and the 
humeius (Figs 5-A, 5-B, and 5-C) 

Kuntschei lecommended his method foi fiactuies of all long bones The authois haAm 
used medullaiy nailing since 1940 m about 700 cases Except m fiactuies of the femui, we 
noAA use it onl}'' occasionall}'^ m closed tiansA'eise fiactuies of the humeius, aac no longoi 
use it foi fiactuies of the tibia oi of the foieaim 

Some time ago, feeling that oui lesiilts aacic unsatisfactoi a'^ m fiactuies othei than 
those m the femui, aac leAuewed all of oui cases The leview indicated that, m bones othei 
than the femui, the lesults A\eie bettei by conseiA'atn^e methods than with nailing In 
many cases, fixation of the tibia by the nail is not mechanically him enough to eliminate 
the need foi exteinal fixation bA'^ plastei As a lesult of the cuia ed path of the nail m (he 
tibia, the metal must of necessity be bent and maA' hmdei appioximation of the fiagmenG 
by diastasis of the bone ends, leading to delaAmd union oi even to non-union Because of 
these complications and because healing may be gieatly delayed thiough minoi technual 
ciiois, the authois haA'^e completelA'' abandoned the use of the mtiamedullaiA nail m the 
tibia These findings weie emphasized even moie stiongly m ununited fiai tines and m 
compound fiactuies of the tibia 

The use of the nail has also been discontinued in foieaim fi ictuics, for the sinie 
leasons In fiactuie of a single bone of the foieaim coaptation can be miint lined b\ 
simplei means If mtiamedullaiy fixation is used m fiactures of both bones, it is m ce^s n\ 
to fix both bones In the ladius, as m the tibia, the bent nail ib undesirible 

The theoietical objections laised against medulIaiA nailing liaAc been refuted Iia 
piactical expeiience In adults, the amount of destruction of the bone m irrow I)\ tlic 

0(^*5 
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medullai}’- nail is of little significance The medullai}^ nail is a laige foieign bodj^ It will 
not, honevei, cause significant leaction if a completely ineit stainless steel is used htic 
effects aie noted only u ith stainless steel which is not completely ineit The medullaij nai 
hindeis callus foimation, as does eveiy foieign body, and is not, as Kuntschei thought 
conducive to callus foimation An inci eased foimation of callus appeals only if the mediil 
laiy nail does not h\ the hagments sufficiently oi if an oxidizing metal is used By the 
mechanical oi electi ochemical activity an nutation callus aiises, and foi a long time tin 
limb cannot be tiusted to beai weight 

The inseition of the medullaiy nail does not cause a clinically evident fat embolism, 
because b}'- its constiuction the nail peimits the maiiow to flow thiough it, and, therefoie, 
does not act like a piston When a solid steel lod is used instead, fat embolism may occui 
Infections aie mfiequent with medullaiy nailing, howevei, if an infection should aiise, the 
vhole maiiow cavity along the nail might become infected We have in oui own cases not 
seen any seiious piogiessive infection as a lesult of closed medullaiy nailing Kienslehnei 
leported acute and fatal osteomyelitis in an adolescent Theiefoie, we do not nail fiactures 
in bones in which the epiphyses have not yet closed 

Although the dangei of medullaiy nailing seems to be small, the authois, while ex- 
amining about 700 cases in diffeient hospitals, have seen a gieat many complications, clue 
to fault}'’ indications, impiopei technique, impiopei mstiuments, or faulty mateiial The 
most seiious, and even fatal, incidents occui led because the operation was peiformed 
XX hile the patient xvas in shock 

Exact indications aie necessaiy The most suitable fiactuies aie tiansveise and shod 
oblique fiactuies at the middle thud of the femui, they should be at least seven centi- 
meteis fiom the tip of the tiochantei oi fiom the knee joint The patient must be in good 
geneial condition The skin must be intact and show no inflammation oi bums Othei foci, 
a possible cause of metastatic infection of the fiactuie, should be luled out Absolutely no 
shock should be piesent This dangei is especially gieat if the nail used is too mde, since 
foice is necessaiy to diive it in and death may occui 

The piopei mstiuments must be ax'^ailable, including nails of the piopei length and 
xxidth and sufficient mstiuments foi a bone opeiation A special leduction appaiatusis 
necessaiy foi closed nailing The authois use eithei then sci exx'-ti action appaiatus (Fig 1) 

01 Wittmosei’s leduction appaiatus (Fig 2) Txxo poi table \-1a3r machines aie needed to 
affoid biplane 1 oentgenogi aphic contiol xxithout changing the position of the machine 
The opeiation is peifoimed xxuth lepeated 1 oentgenogi aphic checks, so that caie mud 
be taken to pi event \-iay bums In oidei to piotect the patient, the x-iay tubes must be 
kept at least tliiity centimeteis fiom the skin The fluoioscope opeiatoi should be allowec 
to xvoik only xx'hen piotected xxith lead apion and lead gloves A 1 eduction appaiatus mus^ 
be used, xxhich 1 educes the fiagments and maintains position mechanicall}'’ Inattention 
these details may lesult m seveie x-iay bums, as happened so often to oldei loentgeno 
gists 01 oithopaedic suigeons 

Closed Medullaiy Nailing of the Femui 

Closed fiactuies aie best nailed xxuthin the fiist houis of injuiy If shock is 
IS xx^ell to xx'ait fiom eight to ten daj's, until the acute leaction has subsided In tie me 

time, skeletal ti action is applied . od 

After the xxudth and the length of the bone hax'^e been detei mined by j- 

1 oentgenogi ams, and aftei piopei medullaiy nails have been selected, spinal 
given The patient is placed on a 1 eduction appaiatus (Figs 1 and 2) With fiac ure 
loxvei thud of the femui the Imee should not be extended, but semiflexed 
\-iay machine is placed at the vential aspect and a second one at the ggnsof 

thigh By means of longitudinTd ti action, the shoitenmg xvill be overcome, an 3 
canvas slings or xvooden imgs, attached to lotatmg bais, the lateial isp ace 

Tire joubnal of boke a’vd ^01 
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Fjg 1 


The femur is fi\cd foi mcdullaiy nailing m the Bolder scieu -traction apparatus The patient 
lies on the well side, bent slightly foiwaid so that the greater trochanter is bettei exposed The 
uninvolved c\tlemlt^ is acutely flexed at the hip The point of inseition of the medullarj'^ nail is 
[maiked with a cioss Tlie fiagments aie leduced and fixed firmlj in coriect position b3 means of 
rotating double bais and canvas slings Two x-raj’’ tubes aie placed in position for fluoroscopj^ and 
rocntgcnogiaph3 (Rtpioduccd, In peimission of The Williams and Wilkins Compan-v, horn 
Medullary Nailing of Kihitschci, b3 Loienz Bolder) 



Fig 2 


Fracture of the femui, with patient placed in Wittnioser s reduction appaiatus In fractures 
close to the knee joint, the knee is flexed to a light angle 

lected If fluoioscopic contiol shows good i eduction fiom each side, i oentgenogi ams aic 
taken If the}'^ show good alignment of the fiagments, the aiea of the hip is piepaied m a 
steiile mannei 

An incision of about twm to thiee centimeteis in length is made, h\e centimetcis 
above the tip of the tiochantei An awl is inseited, to the medial side of the gieatci lio- 
chantei, into the maiiow cavity^ The nail guide is then inseited, by means of a h indie 
thiough this hole, its couise being checked by fluoiostope As the guide adx antes tow aid 
the knee joint, additional i oentgenogi ams aie taken M hen they ie\eal a satisficton 
position, the medullaiy'’ nail is diiven oxei the nail guide with i hammei, again undei 
fluoioscopic contiol As the medullaiy nail appioathes the skin the nail guide is w ithdiaw n 
and the nail IS hammei edfaithei mwith i inil-din ei , until it extciKhonli t w o i ent irnetci > 
fiom the tip oi the tiochantei and one centimetei fiom the kiite joiiil Tlu wound is tlu n 
closed and again i oentgenogi ams aie tiken Should diast isis exist at the ii utuie -iti , it i'- 
oxeicome by^ a stiong thiust with the flit of the hind igiiiist the knee joint 

Reduction may be leiy difficult and should ncwei be tiied without i ndiutioii ip- 
paiatus The mseition of the nail guide mn ilso be tiouble-omc hut usii ilh no d.fficultu . 

iiise in di lying m a nail of the piopei width 
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Aftei the opeiation, the Io^^ ei extiemity is placed on a Biaun fiame, and the toes and 
ankle joint aie moved actively fiom the hist day The hip and knee joint should not be 
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Fig 3-4 Fig 3-B Fig 3-C Fig 3-D 

Figs 3-A and 3-B September 16, 1947 Compound fiactuie of the light femui between the middle and 
lower thuds 

Figs 3-C and 3-D September 16, 1947 Closed tiansveise fiacture of the shaft of the left femur 
Skeletal tiaction was applied thiougli the tubeiosif 3 ' of the tibia 



Fig 3-E Fig 3-F 

Fig 3-E Jul 3 ^ 20, 1948 On the nght side the wound was excised immediately, fajjon-: 

was inserted, and thiee encii cling wmes weie applied Healing occurred w ound comp 

Closed medu’larv nailing was accomplished on the left side, sixteen da 3 s affei tlic aiciuLi 

bony umoii and good position itsultcd on both sides 

Fig 3-F July 29, 1948 After removal of the nails, ten months after the accident 
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movcci until eight days aftei opeiation If the luiil is in good position and no othei injuiies 
exist, the patient may stait ueight-beaimg aftei eight to ten days, and he ma}'’ leave the 
hospital aftei two oi tliiee weeks 

Closed Medullanj Nathng m Localized Osteitis Fibrosa Cystica 

The cyst is located usually in the uppei thud of the femur oi the humeius, seldom in 
othei bones It is a typical disease ot piessuie By piessuie the bone is lesoibed until 


finally only a papei-thm coitex lemains, be- 
cause theie is no simultaneous peiiosteal 
apposition (Fig 5- A) An insignificant foice 
finally causes a pathological fiactiue Thus 
the wall of the cyst is opened and the piessuie 
IS leleased New'-bone apposition occuis and, 
as a lule, the fiagments unite Sometimes the 
cyst heals completely, but generally a new 
one IS foimed, because the wall of the ej'^st is 
closed bj" callus foimation and new piessuie 
aiises 

The ailment can be healed bj’’ opening 
and cuiettage oi, better, bj’^ filling the defect 
with bone giafts oi bone chips In the case 
illustiated heie (Figs 5-A, 5-B, and 5-C) the 
authors mseited a medullary nail By this 
proceduie alone, without cuiettage oi bone- 
giafting, the condition healed completelj’- 

A woman, aged tw'cnty-eiglit, of good geneial 
condition, fractuied the right humerus m May 1946 
Prior to this she had oceasionally had pam in the right 
shoulder The loentgenograms showed a cyst m the 
right humerus, with a fissuie The fiacture healed 



February 12, 1948 Function five months after 
the accident Patient had started w alkmg four 
w'eeks after the accident, and six w'eeks later 
could bend both knees to 90 degrees 



Fig 4-A 


Fig 4-B 



] ir 4-C 


Figs 4-A and 4-B Julj 1948 A poheunan, thiiU-foui 
^eal■s old, sustained a compound, commmuted fractuu of 
the left femui in a stieet accident, wnth wounds on the in- 
teiioi and posteiioi aspects of the thigh iMarked posterior 

displacement of the distal fiagment can be «een i . ir, .i ,.,„i. , 

I'lgs 4-C and 4-D August 9, l')4S Fiic wiik^ iftcr the nicidcnt After thoroiigh i 
wound, open medullaij nailing was performed and four oncirclin ^ w cs were applied 
place without wound complications Weight-bearing not jet a 
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Fig 5 -^. 


Fig 5-B 


Fig 5-C 


Fig 5-A Januar3'' 14, 1947 A librauan, t\\ entj^-eight j^eais old, had a solitan’^ 03 st in the head of the 
right humerus, about 3 5 b3r 5 centimeters in size The coi te\ ii as onl3’^ 0 5 millimeter thick laterally 
Fig 5-B Jul3^ 14, 1947 Six months aftei medullaiy nailing, the aiea of the cyst had nearly filled 
m iiith nei\l3’- formed bone tissue The medullai3’’ nail remained in place 
Fig 5-C June 23, 1948 Seventeen months aftei medul]ai3' nailing and immediatel3’' aftei removal of 
the nail, the foimei cyst had complete^’- filled with new -bone tissue No discomfoit remained 


Fir C-\ Fig 6-B Fir 6-C Fig 6-1) 

Figs 6-Vand6-B Jaiiuai3 10,1946 Pseudaithiosisof theiightfemui inastudent, twent3-thiee3>^i^ 

old, due to gunshot fracture, three 3 ears before Numerous shell fragments remamed ocie 
inesent at the fractuie site . „,i 

i.tFigs 6-Cand6-D June 1, 1947 Seventeen months aftei open medullaiy naihng, the nan, 

shoit, had become loose As a lesult theie was no bony union and the nail Fad broKen juie 
of angulation, the medullaiy nail was lemoved through a small mcision m the trochanten 
was icplaced by a longei one The knee joint was later mobdized by open operation 

TIIE JOURX 01 DONE AXn JOIXT - I 





Fig 6-E Fig G-F Fig 6-G 


Figs 6-E and 6-F July 17, 1946 The left feinui was shortened eight centimeteis, and a modullarv nail 
and a nire loop neie inserted u u ^ iiuu 

Fig 6-G iMarch 9, 1948 After removal of the medullary nails, both femoia had healed m good nosi- 
tion and u ere the same length * 



Fig 6-H Fig 6-1 Fig G-J Fig G-K Fig 6-L Fig 6-M 


Figs 6-H and 6-1 Januai 3 " 19, 1946 Photographs before treatment “show abnormal mol3iIil3" md 
shortening of nint centimeteis Knee-joint range from 170 to 1 00 degrees 

Figs 6-J and 6-K June 16, 1946 After medullar 3 nailing of the psoudarthrosis, shortening of the 
right lover e\tiemit 3 f vas still piesent 

Fig 6-L March 9, 1948 After shortening of the left femur, both e\tremi(iDS ven (he eanie lengtii 
Fig 6-M Maich 9, 1948 After open mobihration of the knee joint, knee flcMoii w is po==iblc to 90 
degrees 

vithout incident In July 1946, the patient came to our Hospital In J inmre 1947, i medull ir\ n ul was 
driven into the C 3 'st and the arm was immobilized for ten di\s Soon aftorw ird tlu shoulder joint w is frei 
and the pain had disappeared The C 3 St was almost completel 3 filled with ncw-boiie tissue, rein mis of iIk 
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Fig 7-A Fig 7-B Fig 7-C Fig 7-D Fig 7-E Fig 7-F 



Fig 7-G 


Fig 7-H 


Fig 7-1 


Figs 7-A and 7-B January 10, 191C 
Pseudaithrosis of the right femur of tiio 
years’ duration, following infected com 
pound fracture after a motoi cycle accident 
in a landlady, fifty-one 3’^ears old Height 
165 centimeteis (65 inches), weight 90 
kilograms (198 pounds) Shoi tening of five 
centimeters and maiked atrophy of the 
bones weie present 

Figs 7-C and 7-D Januaiy 26, lOlli 
The shoi tening was coriected after four 
teen daj’S of skeletal ti action, and 
medullaiy nailing was performed Ideal 
position seen fiom both sides Jhe irag- 
ments weie held by a wnre loop against 
lotation, and one rubber dram was left 
The patient w alked w it' out external hxa 
tion thiee weeks aftei operation 

Figs 7-E and 7-F March li, 194 
After removal of the medidlary nail, bom 
union was present with the fragments 
ideal position The patient fractuied the 
patella in a fall 


paieiia in a laii fracture 

Fig 7-G January 11, 1946 Photograjih before tieatment shows abnormal mobility at tne 


site 


Figs 7-H and 7-1 March 17, 1948 Two years aftei operation patient had good use of extremitj and 
was able to walk without a cane Range of knee motion fiom 160 to 90 degiees 


cyst are still to be seen (Fig 5-B) One and one-half years aftei the opeiation the nail w as re- 

5-C) The apposition of bone inside the cyst had taken place w ithout incident, because t le p 
leased, as the nail drained the cyst constantly 

Unlike cuiettage and bone-giafting of the aiea containing the cyst, 
mg IS a simple pioceduie and not dangeious No fuithei fixation is necessaiy 
medullaiy nail gives sufficient suppoit The authois have opeiated upon 
cysts of the femui m the mannei desciibed heie, vith the same goo lesu s 
Medullaiy nailing can also be used in spontaneous fiactuies occumng 
metastases of malignant tumois, which aie found most^in 
The patients can walk on the extiemity with the nail, although the fiactiiie fi g 

not reumte ^ 

Open Mcdiiltoii/ Mailing of tlie Femw m Comfound Fractines (Figs 3-A through 

With open medullary nail.ng the fragment, must be fr eed danger ol 

osteosyntos The peat advantage of dosed medullary na.lmg, the sma 
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Fig S-A 


Fig 8-B 


Fig 8-C 


Fig 8-D 


Fig 8-E 


Fig 8-F 


A postman, thiitj-two jears old, fiaefuied his lift femur a j'ear and a half pnor to admission 
Wire tiaction was applied foi seven months with ten to twenty hilogranis of weight (twent\-two 
to foity-foul pounds) A pscudarthiosis resulted and osteos^^'nthesis uas done wjth^bonc giift and 
plate (Observation of Dr Ncubauei, Giaben Hospital, Graz ) , 

Figs 8-A and 8-B Ma> 3, 1940 Veiy good position resulted aftei opoiation with bone giaft and 
plate foi pscudarthrosis of left ftmui Diastasis was present at the fractuie site 

Figs 8-C and 8-D Decembci 7, 1940 In spite of three months’ fixation in a hip spica, no bony 
union icsultcd The bone giaft bioke and angulation of fiagmcnts oceuucd Vaius and antcrioi 
vngulation are shown, each of 30 dcgites , , ,, i 

Fiss 8-E and 8-F Bone giaft and plate wcic icmoved and one month latei modullaij nailing 
was pciformed Thirteen months latei (on August 5 1948) the patient could walk sevcial houis 
w ithout a cane and w as doing full duty as postman The medullary nail w as still in place and he had 
no complaints 


fection, does not apply, but the othei advantages namely, stable union of the fiagments 
and flee mobility of the limb — still exist 

The indications foi open medullaiy nailing must be given exactly The aiithois ne\ ei 
use this foim of tieatment in infected and diainmg fiactuies They use it m all lecent 
compound fiactuves of the shaft of the femui without joint mvohement, and in those 
patients wdiose genei al condition pei mits 

Open medullaiy nailing is much easiei to peifoim than closed Aftei exact debiido- 
ment of the w ound, w ith the patient nndei local anaesthesia, the nail guide is msei led into 
the cential fiagment fiom the fiactuie site and is adcanced thiough the tip of the tio- 
chantei to the skin A skin incision, two oi thiee tentimetei» n length, is made it t le 
point w^heie the guide appeals undei the skin, and a shoit medullaiy nail is dinen fiom 
above, over the nail guide, one centimetei into the t.ochantci The nail guide is pulled out 
and a new one is inseited fiom above, thiough the mediillaiv nail, into the cent, al fiag- 
ment, until It appeals at the fiactuie site Then both fiagments ue ippioximited and held 
by means of bone foi ceps, and the nail guide is mseited into the distal fi igment nn il it 
leaches the leg.on of the knee joint If the position of the fiagments and of the nail guide 
is satisfactoiy, as ascei tamed by two check loentgenogiams a medull u\ n ul of the proper 
length and width is diiven in and the fiagments aie impacted In Ih.usts on the knee w.tii 
the flat of the hand Rotation is cont, oiled h\ means of a longitudinal wire loop (Hg- 
6-G and 7-C to 7-F) In oblique and spnal f.actuies an enc.ichng wire .s applied Vftr . 
mseition of a lubbei diain, the skin is closed 
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The leg is placed on a Biaun frame, as is done after closed medullaij^ nailing The 
diain is lemoA^ed aftei ti\ent3^-foui houis The toes and ankle joint aie moved, beginning 
on the first daj^ Motion of the knee joint is staited thiee veeks latei If the vound heals 
without incident, the patient ma3^ get up dining the fouith veek 

To date the aiithois have nailed about thnt3'- fiesh open fiactuies of the femur In 
onl3^ one case did a slight infection develop Five months latei a small seqiiestia vas le- 
moved and the existing hstula v as closed 


Open Medullas y Nailing in Cases of Maliinion oi Non- Union of the Feniui (Figs 6-A to 8-F) 

^Tien a fiactuie of the femui has united with shoitenmg of moie than thiee centi- 
meteis and with angulation or rotation of moie than 15 degiees, the patient limps Latei, 
osteo-aithiitic distuibances develop in the hip and the knee joint, and occasionall3" even in 
the ankle joint of the injuied limb, and, in maiked shoitenmg, also in the sound limb and 
in the spine Non-union of the shaft of the femui ciipples the patient seveiel3r and should 
be collected Especiall3’’ in these cases uith malunion oi non-union, medullai 3^ nailing lep- 
lesents great advance, because no external support is necessary and the atiophic muscles 
and joints with limited motion do not need to be immobilized further 

Conti a-mdications for the opeiation are found (1) m an unfavorable general condi 
tion, (2) in osteotomies m patients ovei fift3'^, (3) m non-unions in patients ovei si\ty, 
(4) in patients undei sixteen, because of the danger of acute osteom3’-elitis, (5) in infections 
of the bone and the skin, and (6) vith enlaiged ossifications of the marrow cavity due to 
old callus foimation Fistulae should have been closed for six months to one 3’’eai All scais, 
especiall3'- vhen adherent to the bone, should have been excised previously Medullary 
nailing should be performed only aftei the new scai has become him and is easily movable 
on the base, usually'- this takes about two 01 thiee months 

If shoitenmg of more than three centimeters is present, it is veiy difficult to 1 educe 
this during operation, because the muscles aie contracted If an attempt is made to equalize 
greater shortenings by'- medullaiy’’ nailing, severe vessel and nerve disturbances may occur 
as the result of the sudden tension, and wound infection may arise in the toin tissue 
Theiefoie, the shoitenmg must be collected prior to medullary nailing If the callus is not 
ymt solid, the osteoclast may'^ be used If the callus is solid, the bone is cut AVith the chisel or 
the electric sav, — if possible, m the old fiactuie site With non-union, the solid coiinec 
tions of the fiagments aie loosened by'- bending them mmi a ivedge 01 ivith the osteoclast 
If the inflammation of infected fiactuies does not flare up, it probably'- will not lecui after 
the medullary^ nailing Skeletal ti action with adequate iveight is next applied Aftei leng 
has been restored, the medullaiy' nailing can be peifoimed In the case of a closed osteo 
clasis, this IS geneially' aftei one week, m the case of an osteotomy', about thiee to ou 
AA eeks should pass , 

The medullary nailing is peifoimed AA'ith the patient m the lateral position, ^ 
tourniquet being used After the fiagments liaA'e been freed, a longitudinal maik, 

SIX centimeters long and one to tAAo millimeteis deep, is cut into the bone AAith a sina 
gouge, so that the amount of rotation can be determined With angulation a coiiespon 
AAedge must be saAved, so that the fiagments aaiII touch each other exactly The cose^ 


maiiOAV caA'ity' is opened aa ith the aw 1 01 the gouge In more lecent cases 


the author 3 hare 


alAvays budged the fiactuie site AAith a piece of lemoA'ed callus, a bone graft, 01 c ips^^ 
opeiation continues as for an open fiactuie, precautions against shock being obsen 

Shoitenmg of the Uninvolved Extiemiiy by Medidlaiy Naihng 

If an unusual amount of shoitenmg is piesent and the bone is not "om- 
ening, only the angulation of the injured limb is collected Aftei ,/ length 

nletely lecoA'eied fiom the fiist operation, the sound femui is shortened to equa 
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of the liiokon femui Thi^ slunild not evicl n^rlu oi nine centimeteis, because of the 
difTuulU in leioinmod ition of the niusdes (1 ijrs, to G-j\I) 

\ftei ipphi ilion of i ^tenle louinniuel tiu sound femin is exposed abo\ e the middle 
thud \ lonjiiludin d in ukei idcciuate to mdu ite lotation of the fiagments, is chiseled 
out 3 hen the bone is sn\ed tluough ti ins\(.is(h at the edge of the upper and middle 
tlnids, a Gigli sn\ being used 3 he distal flagmen! is elevated and the correct length of 
bone iemn\ed Both sm (uts ue thus in the naiiou poition of the maiiov caMt}^ To 
i\oid lotition step-i uttiiig inn be used, but tiansAcise cutting is easier Of late the 
uithois h ne lut fioin the lesec ted bone one oi two stiong grafts to bridge the site of the 
o-teotonn 3 he opei ition then is continued as foi an open fractuie 

''I mm vr\ 

\t piesent mc'dull in nailing bv the method of Kuntschei is the best tieatment foi 
liuis\eisc dosed fi utuics foi open fiactiiio^, and foi most of the osteotomies and non- 
umojjs of Ibe s}j jfj of the femio, if siutafOr cqi})pment is aiadabJe The uwon of the frag- 
ments n so him th it the p itient can walk without additional fixation aftei the wound has 
healed, — that n, in two oi thice weeks Ihiis muscle atiophj" and stiffness can be almost 
entiiel} pre\ eiited ith closed medull in nailing, the dangei of infection is slight, because 
onh a small incision n made apai t fiom the fiactuie site With open medullary nailing, the 
danger of infection is i educed l)^ exact immobilization 

The authois also use mcdullaiy nailing foi closed tiansveise fiactures in the middle 
third of the shaft of the humcius Thc\ no longei employ this method foi fractures of the 
tibia or the foreaim as consenativc methods ha\e pioied to be better 

Medulhrc nailing is a technically difficult pioceduie and should, therefoie, be done 
onlj in speciallj equipped hospitals 
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SPONTANEOUS SACRO-ILIAC OBLITERATION 
IN PATIENTS WITH TUBERCULOSIS 


Bl ALVIN S ISAACSON, M D , ANN ARBOR, MICHIGAN, 

4.ND WALTER M WHITEHOUSE, M D , HOWELL, MICHIGAN 

From the Lmversitij of Michigan Hospital, Ann Arbor, and Michigan State Sanatorium, Hoiicll 

It IS noM lecognized that the pooi piognosis pieviouslj^ ascubed to tubeiculosis of 
the sacio-ihac joint Mas the lesult of the associated Midespread dissemination of the 
tubeicle bacillus, lathei than to the local disease piocess Little has been Miitten le- 
gaiding the natuial histoij’- and teimination of the disease piocess in the joint under 
modem consei vative management The consensus m this counti j’’ is that, in oidei to obtain 
bony ank 5 dosis of this joint, opeiative mtei vention is necessaij’’ The authois have lecenth 
obseived, as an incidental finding in seveial patients coming to the Clinic foi tieatment 
of tubeiculosis of the spine oi hip joint, that one of the sacio-ihac joints has been oblitei- 
ated b}’’ bony tiabeculations If these lesions lepiesent the end lesult m patients rntli 
sacro-iliac tubeiculosis mIio have not been opeiated upon, the}’^ lead one to question the 
advisability of bone-giaft pioceduies foi osseous fixation of the joint 



Fig 1 

A K , January 16, 1945 Complete obliteration of the left sacro-ihac joint, repiescntcd b} sclerotic 
changes (Right joint entirelj normal on detail films ) 


EXPERIJIENTAL DATA 

Because the fiist sacio-ihac lesions lecogmzed (Fig 1) veie incidental findings 

patients Mith tubeiculosis elsevheie in the body, it Mas felt that the best means of Iogi^ r 

such lesions Mould be by letieMing all of the loentgenogiams oi the spine of 
the Michigan State Sanatoiium (foi tubeiculosis) Accoidingly, tlie films of 
330 patients, lepiesenting the loentgenogiaphic examinations of the back in 
6 600 patients admitted fiom 1930 to 1947, Meie levieMed TMenty-tMO patieni 
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foiinil with (lostuu'tu c' and oblilciativo lesions, eithei alone oi in combination, of one 
sacio-iliai joint 1 o tins }i;ionp was added one patient wdio has been under observation at 
the UniM'isit\ Hospital, but who was not laied foi at the state institution 

Fifteen of the jiatieiits wcie males ind eight weie females Their ages langed fiom 
eight to sl\t^-two veais with twenty falling in the thiee decades fiom eleven to forty 
The nei ige ige w is twenti -eight yens Ninel een of the patients weie w'hite, one was a 
Me\i( in one i iiegio, iiid two weie Indian 

These p.itieiits weie undei obsei \ at ion foi peiiods vaiymgfiom one month to thiiteen 
veils The nei ige dui it ion of obsei \ at ion foi patients, eithei at the Sanatorium oi in 
the Oiit-Pitient Depaitment of the Univeisitj'^ Hospital, w^as appioximately thiity-eight 
months 


FINDINGS 


Seieiitecn (74 pei cent ) eventuall}' had partial oi complete obliteration of one sacio- 
ihac joint b^ bom ankylosis In fifteen of these patients, bactenological pioof of tubeicu- 
losis elsewhcie in the bod'\ w is obtained 

Nine (39 pci cent ) of the seventeen patients, m then initial i oentgenogi ams, pie- 
sented paitiil oi (ompletc osseous aiikidosis of a sacio-iliac joint (Fig 2) One had a 
diaimng tubeidilous gluteal aiiscess on the side of the sacio-iliac involvement, which wms 
inteipieted bi the evamining physician as having ansen fiom concomitant lumbosacral 
Pott’s disease ddiis patient and two othcis had i oentgenogi aphic evidence of quiescent 
destiuctne lesions at othei locations in the joint, associated wnth the osseous ank5dosis 
Si\ patients showed evidence of obliteiation without associated destuiction 

In the lemaining eight patients with eventual fusion of one sacio-ihac joint, pio- 
giessive destiuctive changes, with eventual healing while the patient was undei hospital 
obseiiation, weie demonstiated on seiial i oentgenogi ams Of this gioup, thiee underwent 
opeiative fusion, and in two the tubeicle bacillus was pioved pathologicallj’' to be the 
etiological agent The thud patient was an Indian who had a healed piimaiy pulmonary 
tubeiculous lesion, a stionglj'’ positive tubeiculm leaction (1 to 10,000), and a histoiy 
of lecent tubeiculous contact The pathological mateiial obtained at operation failed to 
leveal any inflammatoi}’’ tissue How^evei, the i oentgenogi aphic changes weie typical of a 


destiuctive inflammatoiy disease of the joint 
Of these eight patients, one piesented a 
pictuie of multiple soft-tissue abscesses and 
1 oentgenogi aphic evidence compatible with 




Fic, 2 ^ 

Fig 2 L L Dcccmbei 29, 1945 Eight ]oint completely obliterated by osseous trabeculatioiis I^ft 

saem.hac^int through mid-portion of the joint, with 

apparent qmesce’nt destructive lesions above and below fused area 
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Fig 4-A 


Fig 4-B 


Fig 4- a A H , May 4, 1937 Destruction has occuried supenorly and mfeiiorly, vwth a sequestrum 
in the inferior cavity Apparent early fusion is seen through mid-portion 

Fig 4-B November 20, 1937 Sequestrum is becoming absorbed Fusion apparently not solid through 
mid-poition of joint 



Fig 4-C Fig 4-D 

Fig 4-C June 9, 1938 Sequestium has become absorbed 

Fig 4-D January 10, 1939 Outline of destructive area in sacrum and ilium maiked by sharp outim 
(healing) Joint completely fused above by bone 


non-specific metastatic osteomyelitis in several long bones Hei clinical course suggests a 
pyogenic infection lathei than one of tubeiculous oiigin One biopsj'' specimen, taken fioni 
a draining sinus tiact ovei the sacio-ihac joint, ivas inteipieted initially as shoving a mi\e 
tuberculous-pyogenic infection, and the patient was admitted to the Sanatorium ft” 
review of this specimen failed to shoiv positive evidence of tubei culosis At no time " 
the acid-fast oigamsm isolated . 

Bacteiiological pi oof of tubei culosis was obtained fiom sinus mateiial m one o 
lemammg foui patients These patients had had loentgenogiaphic evidence of destine 
of the joint with oi without sequesti ation (Figs 3, 4-A, 4-B, 4-C, and 4-D), pnoi fo 
plete 01 paitial obhteiation of the joints b 3 '- osseous tiabeculation In no patien m 
senes was autopsj’- mateiial available 

Thus seventeen patients had fusion of one sacio-iliac joint hy bony an ^y osis, 
was eithei present at the time of admission oi developed ivliile the patient vas 
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obsoi\a(ioii In fouitcon (61 pci cent ) the joints fused spontaneously without operative 
intenention 

Si\ p itienls (26 pei cent ) showed no evidence of joint fusion Of this gioup, two died 
ciih in (he couisc of (he disease, in two (he infection is apparently quiescent without 
cMdcnce of osseous union, and (wo show piogiessive nairow'ing of the joints without 
des(iuc(ion 

The pii( phned by sccondaiy invadeis in the piomotion of bony ankylosis in any 
indiMdunl case is difficult (o deteimine Howevei, the piesence oi absence of sinuses did 
not al(ei (he ‘ippaicnt (cndency of (he joint to become obhteiated by osseous union (One 
patient wuth sinuses and two patients without sinuses had opeiative fusion of the joints ) 

Paltcnts with Sitimc<; Patients without Sinuses 

Toint filled 4 Joint fused 13 

Joint not fusLii 2 Joint not fused 4 

In all but two of the cases levicwed, active tubeiculosis w^as bacteriologically pioved 
The vast majoiitj’’ of the patients weie seiiously infected by the involvement of othei oi- 
gans, few of them enteied a sanatoiium because of active disease of the sacro-iliac joint 
alone We have grouped the patients accoiding to a classification similar to that outlined 
bj' Cleveland 

Group A Patients w ith a he ded iinmary pulmonarj lesion, but no associated tuberculous involvement 

Group B Patients with only associated active pulmonary disease 

Group C Patients with no iiulmonarj disease, but with other active foci of involvement 

Group D Patients with active pulmonary disease plus other foci 

Twenty-one of the twenty-thiee patients fail into C and D classifications (Table I) 
(In twenty of these patients, because of then generalized tubeiculosis opeiation wes 
deferred, and thus they foim an excellent gioup in which to study the teiminal history of 
the local disease ) 


TABLE I 


Group 

Total 

Died 

Living 
and Well 

Living but 111 

Good Prognosis Poor Prognosis 

A 

1 


1 



B 

1 


1 



C 

6 

1 

1 

2 

2 

D 

15 

8 

5 

1 

1 

Totals 

23 

9 (39%) 

8 

3 

3 


DISCUSSION 

It is impossible to make any definite conclusion as to the cause of the obliteration 
in the sacro-ihac joints In all but two patients, tubercle bacilli w^ere isolated from some 
lesion in the body One of these two had a primary lesion, and in the other the disease 
process was apparently due to a widely disseminated pyogenic infection In only four 
patients did mateiial aspirated fiom the sacro-iliac lesion or fiom an accompanjnng abscess 
leveal acid-fast bacilli In only one othei was such a diagnostic test attempted Thus these 
findings do not justify the definite conclusion that tubeiculosis is the etiological factoi in 
these cases The piesumptive evidence, howevei, is that these lesions aie of tubeiculous 
01 igin 

Patients wuth bilateial lesions weie eliminated m oidei to lule out eaily spondylitis 
ihizomehca In no patient did changes chaiacteristic of this disease supen ene throughout 
the entire follow-up period The vast majority of patients (tw enty-one) are m an age group 
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in which spontaneous obhteiation of the sacio-ihac joint does not occui ’’ Although 
in many patients the joints became ankylosed while at complete lest, it is difficult to con- 
clude that lest itself pioduced the change If this weie the piimaiy factoi, it is unlikely 
that selective obhteiation of one joint would have lesulted This is paiticulaily true vlieie 
the obhteiated joint showed an accompanying oi antecedent destiuction 

Thus the etiology lies between a low-giade pyogenic infection and one of tubeiculous 
oiigin In only one case was it felt that a pyogenic agent was the sole etiological factoi 
Even though m seventeen patients no mateiial was obtained fiom the joint and no positive 
diagnosis was made, the piesence of widely disseminated tuberculous lesions elsewheie m 
the body is stiong piesumptive evidence that the oiigin of this lesion is tubeiculous It 
IS on the basis of this piesumption that these findings aie lepoited It is hoped that 
fuithei observations will be stimulated m oidei that a natuial terminal histoiy of sacio- 
iliac tuberculosis without opeiation may be recoided, and that, with laigei senes, the 
value of the opeiative tieatment will become established 

Because of the lelative larity of the condition, alteinate case comparison, similar 
to the woik of Fmklestein and his associates on Pott’s disease, does not seem feasible 
Thiee patients who had opeiative fusion of then joints weie included in this senes 
in 01 del to deteimme, if possible, whethei the opeiation vould be indicated fiom the 
point of view of lowering the peiiod of hospitalization and convalescence Opeiative fusion 
in this institution is used as a method of immobilizing and obhteiating the joint aftei 
the infection appeals to be undei contiol, and not as an immediate foim of theiapy The 
patients upon whom the operation was peifoimed iveie m good geneial condition and dem- 
onstiated evidence of healing, both of the local and disseminated lesions In contrast, those 
who had no opeiative mteivention had, foi the most pait, widely disseminated tubeicii- 
losis and v eie in poor geneial condition A compaiison of the length of hospital stay ivoiikl 
be a pool criteiion, theiefoie, foi the establishment of the efficacj'- of the fusion opeiation 
It was impossible to compaie the earliest evidence of fusion m these two gioups, foi 
the opeiation itself so distoited the contoui of the joint loentgenogiaphically that acciii ate 
eaily inteipietation was impossible The authois feel, theiefoie, that no conclusion can 
be diavn m this small senes as to the efficacy of the opeiation in shoitening the con- 
valescence and m pi omoting osseous union 

Aftei those patients had been eliminated m whom the sacio-ihac joint was ankylosed 
on the initial loentgenogiam, spontaneous fusion of the joints occui led in six patients 
while they ivere undei hospital obseivation The eailiest fusion occui led appioximately 
foul months aftei the onset of symptoms, the longest inteival lequiied was approximatelj 
twm yeais 

Should the inteipietation of these findings be coirect, it is the authors’ feeling that 
a piogiam based on appioximately one yeai of conseivative theiapy should be institii e 
befoie opeiative fusion is contemplated Should the sacio-ihac joint appeal at the enc 
of that time to be appioachmg -what might be teimed “fibious ank3dosis”, bone-gm 
suigei}'" could then be peifoimed It is the authois’ impiession that those joints ivliici are 
obhteiated bj^ bone have a better chance of maintaining a peimanent aiiest of tieir 
tubeiculosis 

Seddon has stated that his only cnteiion foi fusion of this joint (foi ^'^nhe 
accept “fibious ank5dosis” as a good teiminal lesult) is a tendency foi subluxation o 
joint in the piesence of maiked destiuction Seddon and Stiange, in then leview^ o 
cases of sacio-ihac tubeiculosis, w^eie able to analyze liy late loeiitgenogiams on y ^ 
patients who weie not submitted to fusion opeiations 01 this gioiip, eleven 
solid bony ankjdosis of the sacio-iliac joint, foui to what they desciibed as J 
ankylosis” Fiom this mfoimation they questioned the advisability of opeiative 1 ^ 
bonseivatism in the handling of this pioblem has been concuiied in by Langs on 
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CASl RI PORIS 

\ K , No {)()2112 V white mule, i[;e(l twcntv-i inht, w is admitted to the Sanatorium on January 16, 
Idll (1‘ip; 11 lie h ul h id p nil in the low 11 h n k with si latie i on the left, nine yeais befoie admission The 
s\ mptoins had 1 isted one ind oiie-h ilf m us and theie h id been no iccuiience Tieatment had consisted of a 
sieioilni belt uid osteo]) ithie numimhitions 

\ssoci ited lesions wiie tulieiculosis ol tlu light hip (jiiovcd bacteiiologically), and moderately advanced 
inilmon ii \ t ubei culosis 

The iiitunt’s light hip fused s|)ont incousl\ iftei immobih? ition in a hip spica He was discharged as 
well fiom the Suiitoiium in I uiiiui l')17 

L L, No 271017 V white mak, aged twentv-seven, was admitted in 1942 He had had pain and 
disibihti in the light hip foi one ^eu, but no simptoms icfeiable to the sacro-iliac joints 

Vssociated tubeii ulous lesions tubeieiilosis of light and left hip joints (the light was fused in 1946, the 
dise ISC in the left de\ eloped in 1946), lenal tubcieulosis, healed rib and costochondral tuberculosis, lumbo- 
s icril Pott’s disc ise (Fig 2) 

Ijcft lup-jomt dise ise developed aftei fusion of the light hip in 1946 The patient had early evidence of 
ren il msuflicicnci lie h is been immobih7cd in a hip spica since admission 

IV C , No 396652 V wiiitc mile, igcd thiiti -three, was admitted on February 5, 1937 Intermittent, 
ill-defined pain hid been incscnt o\ci the light sacio-ihac joint foi si\ months 

Associated tvibeiculous lesions Pott’s disease of the ninth, tenth, eleventh, and twelfth thoracic verte- 
brae, question ible trinsieise nnehtis, tubcieulosis of the light shouldei, with sinus drainage, bilateral 
tuberculous cpididMiiitis and seminal vesiculitis, tubcieulosis of the left kidney, and tuberculous urethral 
stricture (Fig 3) 

The patient died on Febiuaij 7, 1941, fiom renal insufficiencv 

A. H , No 397580 V white woman, igcd twentj, was admitted on Febiuary 23, 1937 Pam had been 
present in the light lower back for ajiproMmatcly eight months She had received deep roentgenotheiapj foi 
a condition diagnosed as "saeio-iluic maiignancv” An abscess was piesent without sinus ovei the joint 
Associated tubeiculous lesions a minimal amount of active pulmonaiy tubeiculosis, tubeiculous ne- 
phiitis, tuberculous cndoceivicitis, and tubcieulosis of the knee (Figs 4-A, 4-B, 4-C, and 4-D) 

Treatment consisted of fiamo immobihration WTien the patient was last seen, in 1939, hei non-protein 
nitrogen w as shghth elevated The knee had healed b 3 fibrous ankylosis 

Note The authors wash to thank E W Laboe, M D , and Carl E Badglej, M D , for their assistance 
m piepanng this paper, and John F Holt, M D , foi reviewing and confiiming the roentgenogiaphic 
interpret itions 
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BLADE-PLATE FIXATION IN NON-UNION AND IN COMPLICATED 
FRACTURES OF THE SUPRACONDYLAR REGION OF THE FEMUR 
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The treatment of non-union and of some acute fiactuies of the supiacond 5 ^]ai legion 
of the femui is often extiemelj'’ difficult bj'- the usual types of fixation In Novembei 1946, 
at the Inteiuiban Oithopaedic Society, Di Hugh Thompson desciibed the use of the 
blade-plate (Mooi e-Blount) in a patient vuth an acute supiacondjdar fiactuie of the 
femui, upon vhom he had opeiated m the fall of 1943 In August 1946, the autliois used 
this method m the fiist of thiee cases, without knowledge of Di Thompson’s expeiience, 
although inth the leahzation that this type of fixation liad been used in othei clinics foi 
supiacondjdai osteotomies Di Thompson has kindty submitted his case, to be added to 
oui cases, in this publication 

The method to be desciibed is not advocated foi all cases of fiactuie oi non-union 
in the supiacond 3 dai legion It is indicated m those cases m which failuie oi difficulty is 
anticipated hy the moie geneialty accepted techniques Although this pioceduie is not 
vuthout hazaid, ve believe that m selected cases it has advantages ovei othei types of 
fixation This has been noted paiticulaity in old cases of non-union vith consideiablc 
osteopoiosis of the condjdes The cond 3 des aie compiised of cancellous bone and aie subject 
to osteopoiosis of both the leflex and disuse types Often in long-standing cases of non- 
union, the cond 3 des aie so soft that scievs vill not hold Anothei difficulty in cases of 
non-union is the development of mtia-aiticulai adhesions m the knee joint These may 
bind the shoit distal fiagmeiit so fiimB'’ to the tibial cond 3 des that the long level of the 



Fig 1-\ 


Fig 1-B 


X X 4. 

Fie 1-A Case 1 Pieoperative roentgenogiam sho«s displaced supi acoiidj lai D>rb 

Fig 1-B Postoperative loentgenograms reveal excellent alignment and fixation } 

callus IS present 
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log C'UiH's motion to oooui moio louhlv at tlio fiaituic 'iite than thiough the knee joint 
lilvcn with the o\tloInlt^ in i c .ist oi in ti ution, thm laotoi maj'^ picvent union or may 
illow nvilunion to floiolop 

The bladc-plato method ( an .dso he used to ad\ antage m T-shaped condylai fiactuies 
in which the < ond\ los cinnol he (ontiolied hv exteinal means Although some length 
may be lost b\ this teehnu\ue, the advantages ol noimal alignment, iigid hxation, and 
eailj" knee motion f ii outweigh this disadi antage If othei complications aie pi esent, 
such as mtiaiiamil lesions, multiple fiactuies, oi senility, the use of the blade-plate will 
at Old conruung the p itient to bed Its advantage in the aged is the same as in fiactuies 
about the hip m which this ind similai types of fixation aie in common usage 

1 1 CIINIQUE 

An aiitei ol itei al incision is made, so as to appi oach the low ei thud of the femui betw een 
the icctiis fcmoiis and t astus lateiahs and thiough the vastus inteimedius The incision is 
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caicfiilly extended distallj^ thiongh the supiapatcllai pouch and into tlic knee joint, llu> 
standaid anteiolateial incision of the knee being used The lo^^el thud of the fennn nul 
the entile fiactnie site aie exposed bv subpeiiosteal disssection, the supiapatellai pondi 
being caiefiilly stiipped fiom the femoial fiagments so that it can be conipleteh and 
noimally leconsti acted in closiiie If the tiactiiie oi non-union extends thiough tlio 
intercondylai notch, the condyles aie fiist appioximated by long scieiis oi thieaded pins 
If non-union is piesent between the condjdai fiagment and the shaft, the scai and fibious 
tissue aie lesected doiin to noimal bone and the fiagments aie appioximated, if possible 
in an oblique plane oi in the mannei of a step-cut If the condjdai fiagment is extiemeh 
shoit 01 if the metaphj'-seal poition is seveiely comminuted, it ma5" be necessaiy to tele 
scope the diaphj'-seal fiagment a shoit distance into the condjdes to assuie maximum 
contact Although some length ma3'' be lost, it ma}'- be iiell noith the saciifice to obtain 
eailiei and moie ceitam union Aftei leduction has been obtained, the plate poition of the 
blade-plate is bent to confoim to the lateial sin face of the cond3des and femui The blade 
IS diiven acioss fiom the lateia! suiface, so that the shaped plate confoims exactly to the 

lateial femoial suiface At all times the blade- 
plate should be subsynovial and subpeiiosteal 
to ensuie as little inteifeience with knee 
function as is possible When the plate has 
been scieued to the femui, one is impiessed 
b3'' the extieme iigidit3’’ of the fixation At 
this point intra-aiticiilai adhesions, if piesent, 
can be cut The S3mo\aal lining of the supra- 
patellai pouch and knee is caiefully restored 
and closuie is effected in la3'’eis 

Eail3’' motion of the knee is encoiiiaged as 
soon as the iiound has completely healed 
If necessai3’', m cases of non-union, motion 
ma3'^ be stai ted m balanced ti action In fresh 
fiactuies of the aged, eaily ambulation inth 
Clutches ma3'^ be indicated to pi event pid- 
monai3’' complications Union should be solid 
in thiee to foui months 



Case 3 Roentgenograms show comminuted 
T-shaped condjiar fiacture An old depiessed 
fracture of the lateial tibial plateau, with in- 
ternal fixation, IS piesent Aithritic changes 
may be seen on tibial surface 



Fig 3-B Fig 3-C 


Fig 3-B Thiee months aftei blade-plate fixation, union is solid 
Fig 3-C Condition of fracture twelve months after operation 

bom: and joint scnocn' 
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Cnm 1 In till fill of inn I nun (\\(nt\-l\\o \( us old, had sustained a supracondylar fiacture of 
lilt Held f( nun (lie 1-A) ind i fin tun of tin ‘^lnlt o| (lu h H l( nun , in addition to stvcie he id injuries 
ivhiih hid piodueid niKonseioiisniss r„t )«,, \\,,Ks | hi pitinit w is seen In Di Thompson three neeks 
iflei tin IK i idont \t thistinn liis nnntal londition had iliaiid hut little had been done foi the fiactures 
otlu 1 th in to pioti it tin m in '1 lionias sphnls 

Hkium it w IS ( oiiMili ii (1 nils it isf u loi \ to ki t )) hot li lowu i \tiuiiitics ill splints, tin- light fcmui was 
fi\cd In i 111 idi'-]il ite (I'le 1-B) l)i 1 lionijison thoueht that ii foim of fixation was desiied winch would 
not inquiri (xtunil sujijioit Tin ixtuniit^ w is splinted foi ten days, while the opciative wound healed 
Vfti r this tune no foi in of I'xti i n il fix it ion was iisid, and the patient was encouiaged to flex the knee while 
in bed Tin pitunt olitiiind i fitu fuiii lion il ii suit with no defoimity oi disabilitj 


C\si 2 On Vueust I, I'Hfi, i in in, I lint \ -nine 
u irs old, sust iiin (I isiuti (ompouiidfi utuii of 
the lowii third of tin lift finuii (Fig 2-A) \ 

Iioition of tin fenioi il aitiiulii suifaci had bun 
lost through the o] i ii wound is h id a 1 iigi bone 
frigment from the fi K tuie site 1 In wound In ilul 
jinmanh, follow ingdi bi nil nil lit indjilite fix ition 
The authors first siw the iiitient on Septem- 
ber 20, 10-10, when loentginoei mis disclosed non- 
union with loss of i luge hone wedge fiom the 
fracture site ]iostenoil\ , the fiigmcnts hid bun 
districted bx thcplite (I'lg 2-H) Exj lot ition uiel 
fixation with i blide-jlite weie iitifoimid fout 
dajs later Vt oiieiation bu ius< of loss of bone 
substance, telescoping of tin pioximil fiagnnnt 
into the distal fragment w is neussiu Rigid fix- 
ation was obtained b\ a blade-jil ite Knee exeieises 
m balanced triction were stirted e iil\ Six weeks 
after ojier ition, roentgenograms showed eaih 
union (Fig 2-C) Motion w is jiresent fiom 180 to 
160 degrees Weight-be iiiiig in a bi ice w is starteel 
Four months latei union was solid and all suppoit 
was removed Actix'c motion w is possible fiom 180 
to 160 degrees 



Fig 4-A 


Case 4 Roentgenograms at the time of initial 
examination show' non-union with evidence of in- 
fection, scleiotic bone ends, loosened plate and 
screws, and a plate extending into the suprapa- 
tellar pouch 




Fig 4-B 


Fig 4-C 


Fig 4-B Tw o montlis after fixation w ith blade-plate, roentgenograms show earh union w ith normal 

alignment , ^ , ,, j 

Fig 4-C Five montlis after fixation, union is complete^ solid 


* Case of Hugh Thompson, M D 
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The patient Mas not seen again until a year latei (Fig 2-D) At that tune he was completely free from 
pain Active motion m as present from 180 to 150 degrees, and there m as an inch and a half of shortenmg 
Limitation of motion n as thought to be due to the partial avulsion of articular cartilage at the time of injun 

Case 3 On October 19, 1946 a fortj-j^ear-old man sustained a comminuted T-shaped condylar fracture 
of the left femur (Fig 3-A) Prenoush (in April 1942) he had suffered a depressed fracture of the lateral 
tibial plateau in the same knee, this had been operated upon elsew'here Because of the arthritic changes in 
the knee as a result of the old fracture, open reduction mth blade-plate fixation Mas elected to effect earh 
jomt mobihzation and to restore the condylar relationship Open reduction Mas done on October 25, 1946, 
and the condj les m ere approximated m ith tM o thi ended pins, placed transversely Because of severe comminu 
tion Muth small fragments, the proximal portion of the shaft was telescoped into the condyles Blade-plate 
fixation M'as used Knee exercises in balanced traction Mere started, and the patient Mas discharged mtli 
partial m eight-beanng, six m eeks after operation 

Solid bony umon was present three months after operation (Fig 3-B) Motion m as piesent from 175 to 
90 degrees One year later there m as motion from 180 to 75 degrees and one inch of shortemng The patient 
M orks in a lumber mill and his only discomfort is mild aching after sitting for long periods (Fig 3-C) 

Case 4 A mneteen-year-old girl m as first seen in January 1947, M-ith an infected, draining, supracondv 
lar fracture of the left femur, m hich she had sustained eight months previously The fracture had been plated 
elseM'here and a postoperative infection had developed The distal end of the plate had been placed in the 
suprapatellar pouch (Fig 4-A) Frank non-union Mas present and the knee joint was infected The patient s 
condition m as toxic and she had a septic fever After the administration of penicillin and many transfusions, 
the plate and sequestra Mere removed on January 3, 1947 The M'ound healed pnmanly For three months 
the extremity M'as immobilized in a single spica On May 2, Math pemcilhn therapy, the knee joint and the 
lower third of the femur m ere explored through an anterolateral incision Many intra-articular adhesions 
M ere found and sectioned The bone ends m ere freshened in an oblique plane and fixed Math a blade plate 
Knee motion Mms started in a hinged Thomas splint The patient was discharged one month after operation 
in a toe-to-groin brace, passive motion Mas possible from 180 to 150 degrees (Fig 4-B) Five months after 
operation the brace and crutches m ere discarded, as the roentgenograms shoM ed solid bony umon (Fig 4-C) 
Eight months after operation the knee m as completely free from pain She had passive motion from 180 to 
95 degrees and active motion fiom 165 to 95 degrees Thiee-quarteis of an inch of shortenmg was present 
The patient thought she m as still improving 


CONCLUSIONS 


Blade-plate fixation in selected cases of non-union and of complicated fresh fiacture'^ 
of the supiacondylai legion of the femui has definite advantages, mcludmg iigid fixation, 
eaily jomt mobilization, and, m the eldeily, earlj'^ ambulation ivith emtehes 
The foui cases piesented illustrate the use of the blade-plate in cases of 
1 Simple supiacondylai fiactuie complicated by multiple other fractures and hea 


con- 


injury, 

2 Commmuted non-union oi prospective non-union, complicated by the loss of one 
substance at the fiactuie site, 

3 A commmuted T-shaped condylar fracture with rotation of the condyles, 
siderable comnunution, and arthritic changes as a result of a previous fracture, 

4 Old infected non-union vuth intia-articulai adhesions and infection of t e 
joint 
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THE SYNOVIAL MEMBRANE OF THE KNEE IN 
PATHOLOGICAL CONDITIONS 

in DOCl LUU ROllUHT SOEUR, BRUXELLES, BELGIUM 
Translalcfl bi/ limanud B Kaplan, M D , Netu Yorl, N Y 

1 he suigcon who opens (he knee joint finds fiequently that changes have occuired in 
(he svnovial mombiane The membiane may be excessively thickened, or it may piesent 
ciianges in coloi and appeal pink, led, oi purple In other instances its charactei may be 
changed, and the scalpel cuts into lesistant elastic tissue instead of the ordinary soft 
synovial membi ane 

Gloss inspection does not peimit one to appreciate the nature of the changes The 
anatomical studies of Testut, Poiiiei and Chaipy, Mouchet, and L6v6que do not furnish 
any infoimation on the importance of the synovial membiane, on its pi ease topogiaphy, 
OI on the distribution of the synovial folds For example, it is impossible to leain the 
aieiage weight of the mfrapatellai fat pad This is easy to understand, because the syno- 
Ma! membiane is an unstable oigan, vaiying according to the age and obesity of the 
individual and depending upon conditions at the time of observation (whether in motion 
or at rest, with static oi distinct pathological factois) 

Only microscopic studies, m our opinion, can help us to understand the pathological 
conditions 

NORMAL SINOVIAL MEMBRANE 

The histology of the normal synovial membrane was a subject of investigation by 
Hammer and bj'' Biaun toward the end of the nineteenth century In recent years it has 
been studied by Efskind, Franceschini, Granel, Key, Kuhns, Magnus, Maiquort, Mayeda, 
Pohcard, Raszeja, and Rouviere Numeious problems weie involved, concerning espe- 
cially the aspect of the cells covering the articular w'all, then role, and their oiigm It now" 
appears to be accepted that 

1 The synovial membrane is derived from the mesenchyma, it is neithei epithelium 
noi endothelium 

2 The functions foimeily attributed to it, such as fillei of the joint, source of lesei ve 
fdt, and protector from injuiy in motion, are of secondaiy impoitance The synovial mem- 
brane functions actively m a manner similai to that of the leticulo endothelial tissues 

3 The varying moiphology of the synovial membrane, with some zones rich in cells 
and others wuth few" cells, lepiesents only an adaptation to mechanical or pathological 
conditions 

The author has adopted the histological classification suggested by Key The vaiioiis 
aspects of the synovial membrane are not classified as to the number of suiface cells, but 
according to the nature of the subjacent layeis Key divided them into (a) an adipose 
type, covering the articular fat pads, (b) a fibro-aieolar type, oveilying aieas subjected to 
model ate pressure and pull, w"hich aie the piincipal sites of vilh, and (c) a fibrous type, 
coloring ligaments and tendons We could add to this group a muscular type, coieiing 
the suprapatellar pouch In the present studj", special attention has been given to the 
infrapatellar adipose type, foi many reasons 

In the course of an operation, it is easy to lemove a piece of the mfiapatellai fat pad 
The site of the removal is faiily constant The adi pose s ynovial membiane appeals to be 
affected eaily by the pathological process, all surgeons have obsened an enlaigement of 
the infrapatellar fat pad in affections of the menisci Finally, in examining the fat , w liitii is 
the most ordinary tissue of the joint, we can easily confiim the reactions of the s^ynoMal 
membrane 
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Fig 1 

Adipose synovial membrane of a stillboi n infant ( X 250) 


Ohsei vahons in Noi mal Man and the Normal Animal 

The obseivations in this study confiim the desciiption of Key The adipose synovial 
membiane consists geneially of a single mteinal layei of cells, lestmg on an external 
adipose layer (Fig 1) The cells of the intima aie flattened out, faiily well spaced, anti 
separated by an inteistitial, homogenous, non-fibi illai substance which shows the char- 
acteiistic staining reactions of collagen The exteinal layei is foimed by typical adipose 
tissue, ciossed by fine collagenous fibers Small capillaiies, by joining the two la}'’ers, form 
a wide-meshed network A feu laigei vessels aie seen in the external layei 
The findings just desciibed aie also found in the labbit (Fig 2) 

In ceitain piepaiations the intima has a multisti atified appeal ance, as a lesult of 
obliquity of the section The articular boidei, instead of being continuous, may be lacehke 
Sometimes the cells and the intei cellulai substance seem to sepaiate and to fall into the 
aiticulai cavity, this is a true piocess of desquamation 

In some adults the adipose mass of the exteinal layei is not unifoim (Fig 3) Fine 
collagenous fibrils may be found between the fatty vesicles, accumulations of fibroc}te» 
and numerous vessels are also piesent The piese nce of connective tissue m 
mass is consideied a sign of agin g It will be necessai 3 '' to diffeientiate this condition 
tine pathological fibrosis Finally, it may be noted that fiee cells aie jjueJILtlKJLlP-^ 
sjmovial membrane, although occasionally a plasmocyte oi lymphocjdes may be on 
counteied 


PATHOLOGICAL CHANGES IN THE SANOVIAL MEMBRANL 

To undei stand the behavioi of the s 3 movial membiane in pathological 
excluded fiom this study all diseases affecting the diaithiodial caitilage oi bone (stm^ 
Obteo-aithiitis oi chondiomatosis), and those due to micio-oiganisms (tu eicuo. 
septic aithiitis) oi to tumois 

uoNr sciiorm 


UIE JOUnNAI OI 
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Fig 2 

Norm il adipose s^ uovial mcinbianc of a labbit (X 250) The intima consists of elongated con- 
iKctive-tivsuc nuclei, inegulaih airaiigcd in the fitc boidei, the basal substance is amorphous 
1 ho c\tci n il 1 ij ei contains typical f it tissue 



Fir 3 


Adipose synovial meinbiam of i young idiiU (X pO) Mild fibios.s of tlu 
ent The density of the nuclei of the intima is due to the obliquitj of the section 
tion of the cells of the free edge 


elipo'i 1 i\ ( r IS ])r( s- 
1 here is ih squ ini i- 
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I Riiptiae of the Menisci 

Review of Literatxue 

Roux of Lausanne, in 1895, maintained that theie is a disease of the menisci — 
namely, meniscitis He found, m 1926, an niitative infiltiation {‘‘infiUiation leactwn- 
nelle”), overljung the boidei of the meniscus 

Pati 3 '- of Aaiau (Siiitzeiland) suppoited an analogous vieii m 1926 He stated that 
the histological examination of pieces of degeneiated (modifie) synovial menibiane con 
films the existence of a chionic inflammatory piocess vith infiltiation of migiatoiy celK, 
connective-tissue prohfeiation, and h 3 >^peiaemia vith vasculai neofoimation 

Birchei, m 1933, noted that changes of the meniscus affect the fat pad equalfi'^, qiiali 
tativel 3 '^ and quantitativel 3 '', and he vondeied vhat i elation could exist between the lesion 
of the meniscus and that of the S3movial membiane 

Fig 4-A Bucket- 
handle teal of the me- 
dial meniscus of foify- 
eight daj's’ duiation in 
a miner, thiitj’’-five 
3 ’^eais old Di awing of 
medial fibrocartilage 
wath separation of a 
large portion, adherent 
to the antenor and 
posteiior horns and 
displaced tow ai d the 
interior of the joint 
The lines indicate the 
portions of the anteiioi 
horn and of the menis- 
cus W hich w ere removed 
Fig 4-B Photo- 
graph of the specimen 
removed 





c 


Fig 4-B 
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Fig 4-D 

DotiilofFig 4-C(X 250) Shows multistiatified intima The eUtrnal layer is fibious, ver 3 ’^ \as- 
cular, and notably without fat Little or no Icukocjtic infiltiation is seen 


Two isolated lepoits, one published by Estoi in 1934 and the othei by Moiasca in 
1936, concein peiinieniscitis and inention the leaction of the synovial membiane Ceelen, 
m 1936, consideied the lepaii of memscal lesions and mentioned also the synovial mem- 
biane 

These aie the only contubutions w'e have found in the Continental literature Since 
the meeting of the Congics Fiangais de Chiiurgie m 1926, the theoiy of inflammatory 

menisci tis has not been lecognized in Euiope 

Of the hteiatuie m the English language, the aiticle by Biistow' in 1925 is notewmithy, 
because lie piesented the pioblem without giving a solution A photomiciograph is repio- 
duced to illustiate the “synovial membiane fiom an aveiage case of internal deiangement, 
showing the endothelial lining, an aveiage number of blood vessels and the fibrous tissue 
stroma ’ ’ This conti asts with a second photomicrogi aph , taken fi om a case of hyperti opine 
villous synovitis The authoi emphasized the need for a more detailed histological study 
Wallace and Peimai, in 1927Jound that the mjuied meniscus acts as a foieign body, 
the synovial membiane reacts by piohfeiation, assuming the aspect of aseptic inflamma- 
tion wnth congestion, serous exudate, cell prolifeiation and constant presence of some 
inflammatory cells Ovei the fat pad especially, the adipose cells are atiophic, maiked 
fibrosis develops, the vessels increase m number and thiclmess, and diffuse peiicapil- 


laiitis” appears n , ^ ^ 

Biok, m 1930, obseived changes cha.acteust.c ot subacute 

BuAan and Sutio, m 1933, obseivcd me, dentally m then study ot memscal degenera- 
t.on "The synctua shmved frequent changes, consistmg of hyperplas.a of var, mg degree, 
congesfon of subsynoy.al cap.llm.es ...th a varjong amount of lymphocyt.c mimral.on, 

and occasional vessel alteration, as hyalinization t x' t- 

In eapcmental stud.es on heal.ng ot to.n or .emo.ed men sc., by Jv.esscn, Kmg, 
and Azzoll.m, the synovial membiane ..as evamined onij mcidentall. 
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Fig 5- a 



Ohservahons in Man 

We lemoved pails of tlic infiapalcllai f.il 
pads foi biopsj^ in the couise of meniscectonnes 
The mateiial ^^as classified accoidmg to thclengtl 
of time since onset, as follows 

Evolution of Less than a Month 

If the patient is opeiated upon a fei\ 
aftei the accident, only a few histological change' 
aie obseived in the adipose synovial membiane 
Slight activity of the vilh may be obseived, a 
slightly moie intense vasculaiization, a discrete 
fibiosis of the adipose tissue, and the appeal ance 
of fibi ocy tic elements ai ound the vessels In vie« 
of oui statement on changes in connection vifli 
aging, howevei , it is impossible to state that the 
pictuie IS tiuly pathological 


Evolution of Average Dm ation 
The intima shows an niegular wavy bonier 
with laige villi in some areas It consists of tvo to 

Fig 5-A Tear of the lateral meniscus with a transverse frag 
ment Tear i\as of thirty-four years’ duration, in an individual 
foit 3 '-nine years old The fiagment arises from the posterior por- 
tion of the nbrocartilage and protrudes transversely into the joint 


Fig 5-B Draving of the memscus, removed tn loto 


Fig 5-B 










Fig 5-D 


Detail of the preceding section ( X 250) The internal layei show s numerous nuclei, very dense 
stroma, and f iirlj' large subjacent arterioles (due to hypertrophy of their muscle elements) The 
intermediary lajcr is a fibious band with elongated nuclei parallel to the surface, rare vessels, and 
no important infiltration T he external la\tr shows almost complete disappearance of fat cells 
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appeal empty At the aiticulai suiface, these fibnls appeal to be ciowded into a thin 
umaveled line The thinnei and less numeious capillaiies are distributed near the surface, 
the laigei and more numeious capillaiies aie located deepei 

The exteinal layei is heavily laden with irregular bands of connective tissue which 
suii ound the fat lobules oi vessels and which penetrate into the villi In the vicimty of some 
of the vessels, a few lymphoc^'^tes aie found Plasmocytes aie lare (Figs 4-A to 4-D) 

Evolution of Long Standing {More than Six Months) 

In low-powei magnification, a suipiismg fibiosis of the fat tissue is seen This fibrosis 
has undergone some organization The connective-tissue lamellse are arranged paralle 
to the suiface so well that three layers can be differentiated, — an internal layer, as in a 
synovial membranes, a fibrous intermediary layer, and an external fibio-adipose layer 

The intima has iiiegular borders, vilh aie lare The number of nuclei vary fiom two 
to seven, they'’ are i ound or oval The fibrils of the intei cellular stroma are more numerous 
and closer than noimal Capillaries aie seen frequently .. 

The intermediary layer consists of one or two bands of fibrous tissue with lame $ 
arranged parallel to the suiface The nuclei aie elongated Suiioundmg some of the i esse^^ 
IS a ciovn of small round cells In the majority of cases, the number of plasmocytes is 
greater than that found in the normal synovial membrane Rarely, their number is i ^ 
creased, but then the history of the patient shorvs some complication, such as loc m 
very long duration, obesity, genu valgum, or pre-existing arthritis ^ 

The external layer is more adipose than fibrous Between the fat lobules are 
fibrous waWs, similar to the tissue of the mteimediary laymr (Figs 5-A to 5-E) 

Obscnialionsui ihe AmwaZ . aduh 

Removal of the medial meniscus was performed on the right knees o eg 

the JOURVAL of bone and joint s 
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labbils 1 be iniin \lb weic opci<iled upon uiidei anaesthesia The joints weie closed 
i^^eptieally, ind llie wounds healed i caddy 



Fig 7 

One hundicd and two days aftei an experimental memscal lesion (X 250) Note irrcgulantj of ^ 
the ai ticulai edge 1 he intima is directly continued into the external layer All ti ace of fat has dis- 
appeaied Compact fibro-areolar tissue is present with large vessels The majontj of cells aic3 
fibrocytio in character 



Fig 8 

Section from rabbit, sacrificed 231 days after a memscal injury (X 250) An amorphous sub- 
stance has been deposited at the edge of the S 3 novial membrane T he internal la} er is multistrati- 
fled The external layer is fibro-adipose 
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Evolution of Aveiage Dwation {Moie than One Month) 

Two labbits ^^ele sacuficed on the foity-second da}^ The fat pad of the light kiipo 
^\as lemoved, and also that of tlie sound left knee, foi compaiison 

The intima consisted of a senes of connective- tissue nuclei, faiil}' close to each ollipi 
irregulail}^ aiianged, fiequen% in two oi moie layeis Between them veie fine, closch' 
placed fibiils The villi and sjmovial folds weie moie maiked than in noimal animals 
The external la}^! vas mostlj’- fibiocellulai In some aieas it vas adipose, but the 
vesicles were small and deformed The piedommatmg intei cellular stioma consisted of 
collagen fibeis of vanable densit3q sometimes collected m bands As in the intima, the 
majoiity of cells had the characteiistics of fibrocjdes A few mitotic figuies weie noted 
The numbei of plasmoc3’-tes and of mononucleai leukocytes vas i educed and usualh 
did not exceed one cell pei field The laige and small vessels weie numeious and i\eie filled 
with led blood cells (Fig 6 ) 

Evolution of Long Duiation {Moie than Seventy Days) 

The othei animals veie autopsied between the seventieth and the two hundred and 
thiity-fiist daj’-s The histological findings (Figs 7 and 8 ), which v eie piactically identical, 
can be summed up as follows 

1 Inciease m numbei and impoitance of folds and villi 

2 Collection of fibimoid substance adheient to the suiface of the membrane 

3 Iiiegulaiities and desquamation of the intima The bolder has an indented ap 
peaiance vith “dioppmg” of some elements into the joint and uniavehng of the basal 
substance 

4 Hypeitiophj^ of the mteinal lajm!, nuclei aie thiovm togethei, ai ranged m t«o 
01 moie iiiegulai stiata Stioma aie thickened and dense, vith fine fibrils Seimral capil- 
laiies aie seen 

5 Disappeaiance of the adipose tissue fiom the exteinal layei In some spots the 
oiigmal outline can be lecognized, it is leplaced almost evei3'^wheie b3’' a fibio-areolar or 
even by a fibious textuie Collagenous fibeis, vhich are laie on the suiface, have a tend- 
enc3’' to organize m paiallel bands in the depths 

6 The majoiit3'^ of the elements of the superficial, as well as the deep, lajm! have the 
chaiactei of fibroc3''tic cells Then appearance is varied The suiface cells are ovoid and 
somev hat swollen , at times the3'’ look like small i ound cells, gi ouped closelj'’ in the ex- 
ternal la3’-ei These fiee histioc3des aie i aie 

7 Inflammatoi3'^ cells, plasmoc3Tes and mononucleai s, aie equally laie Excep 
tionall3’', the plasma cells aie collected m groups, resembling nodulai formations 

8 The blood xmssels, langmg from capillaries of the intima to the laige xTssels of the 
deep la3mi, aie filled with man3'^ red blood cells Theie is no leukocytic infiltiation or con 
nectixm-tissue reaction m the form of a cioun in the xacmit3^ of these blood xTSsels 

Conclusions 

The processes studied in man confirm the observations in the animal (the acce era lo 
of the piocess in the animal must be taken into account) The findings can be summarize 

as folloxx s . 

Stage I In the course of the fiist xxmeks after the meniscal injur3'’, the s3moxua 

biane shoxxs xmiy little change rreaular 

Stage II After the first month it begins to show signs of actixuty (xnlli, i ^ 

aiticulai outline, stratification of the intima, and multiplication of [,i 

of progressixm sclerosis (disappearance of the external fatty layer and its su s i u 

fibrous tissue) , , , ommal, d'<' 

Stage III Toxxmid the sixth month in man and the third month m t 

nrocesses described become moie intense, especially the fibrosis, xvhich has a en 

the jourval of bone and 
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011-111170 111(1 to bcoomo Limollalod 3'liis putuie peisists as long as the meniscal mjmy 
IS 111 osollt 

In (Oil. nil (.isos.i now I utoi, lallu-i disdcto, may be added, — namely, diffeientation 
of pi ism i (oils ,uid mononuclo.iis 

Those histological fa( ts aic impoitanl to the oithopaedic suigeon, since they indicate 

1 That the fit pad is actually enlaiged in meni&cal injuiies 

2 Tbit its st UK lino IS changed It is iinclei stood that the fat is not ciiished when 
gi ispcd by the foueps, but i itliei giatos when cut by the scalpel 

3 Th it the menisc il injuiies which aie not opeiated upon haye no tendenc}^ towaicl 
lepiii, but show piogicssne anatomical disoideis 

4 If plasmocytic and mononucleai infiltiation is accepted as a sign of chionic ai- 
thiitis, it is possible to st ite that nutation of the joint by meniscal injiiij-^ sometimes pio- 
cluces eventually a model ate chionit aithiitis 

5 That the tlieoiy of the follow eis of Roux, that meniscitis oi peiimeniscitis is a pie- 
cxist mg lesion, cannot be defended The pi ocesses of infiltiation found in the synoyial mem- 
biane aie the late lesults of tiauma and not a piedisposmg cause The synoyial disoideis 
which follow a meniscal injuiy aie of mechanical natme, similai to the mechanical natuie 
of osteo-aithiitis following an uni educed congenital luxation of the hip 


II The Hemmthi OSes 

Review of Litciatwc 

Effusions of blood into the joint aie fiequent, but histological studies of the synovial 
membiane m effusions of blood aie laie Only one clinical obseivation, that made b}-- 
Fianceschim in 1929, has been found He made histological sections fiom a fiagment of 
human synovial membiane, lemo^ed in the couise of a suigical pioceduie fiom a patient 
with a simple hemaithiosis 

Fiom an expeiimental viewpoint, if we omit some eail}-- obseivations made by Riedel, 
Jaffe, and Seeligei, who did not study the s 5 '’novial membiane but lathei the coagulation 
of blood in the joints, only one 
papei, that published by Key in 
1929, actually consideis this sub- 
ject Undei the title of “Expeii- 
mental Aithiitis”, he studied the 
action of “mild iintants” in thiee 
senes of labbits In the fiist senes, 
the animals each i eceived a single 
injection of citiated labbit blood, 
in the second senes, each animal 
1 eceived seven injections of blood 
in a penod of thiee weeks, in the 
thud gioup, each animal i eceived 
a single injection of India ink 
The duiation of observation was 
tw elve daj-^s 

Only the fii st two gi oups wall 
be consideied heie Inespective of 
the numbei of injections. Key 
noticed a sudden mciease of cells 
in the aiticulai fluid, wdiicli dis- 
appeaied pi ogi essively in twelve 
days In the fiist foity-eight houis 
most of the nucleated cells weie 



Fir 9 

Fourth daj after fracture of tJie patella, sliowing adipose 
sjnovial membrane (X 60) In tlu upper portion, two largo 
villi enclose a collection of er( throej tes In the lower portion 
island of red blood cells is found in the lu jKrtrophicd 
The external laj or (not reproduced) is normal 
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Fig 10-A 


Seventh da}’’ aftei fiactuie of the patella Photomiciogiaph (X 75) of adipose synovial mem- 
biane repiesents the intima onl}'-, its thickness can be obseived It diffeis gieath from the noimal 
(Fig 1) The S3'’novial fiiiige IS flat The villi are fused To^^ald the lo^^er poition theie is a zone of 
tiansition with the external layei This layer (not lepiesented heie) has its usual adipose chaiacter 



Fig 10-B 


Another aspect of the same preparation (X 250) Multistratified intima is forming a p 
epithelium 

the journal of bone and joint suko 
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Fig 10-C 

Detnil of Fig 10-A (X 500) TIic histiocytes of the edge have disappeared, but deeper hjTJcr- 
trophic histiocj’'tes are found A few inflammatory cells and dilated vessels are present 


leukocytes, following this the maciophages piedominated Aftei a single injection, section 
of the synovial membiane showed slight piohfevation of the supeificial cells and mfiltia- 
tion of the subsynovial laj'^eis by leiikocjdes and maciophages The tissue became noimal 
after the si\th day Kej stated that the led blood cells can leave the joint “(1) thiough 
the sheath of the tibialis anticus muscle, (2) b}'' being earned out by the maciophages 
(clasmatocytes) , (3) b}'- passing between the cells of the synovial membiane, and (4) by 
being incoi pointed in the synovial membiane in instances wheie the blood cells aie held 
in fibiin clots” 

A few daj’-s aftei the seventh injection, Key noticed an mciease m the numbei of cells 
in the articulai laj'^ei as ivell as m the deep layei, also an abundance of led blood cells 
(in resoiption), leukocytes, and macrophages The villi w^eie veij'^ well developed These 
changes w^ere especially impoitant over the fat pad Subsequentlj’' the mfiltiation de- 
ci eased, but on the tw^elfth day after the last injection the synovial membiane had not 
letuined to noimal, the villi and folds peisisted, the deep layei was multistiatified, and 
the subjacent zones letamed a veiy cellulai stiuctme with collagenous fibeis The vessels 
w'ere numeious Key commented " Whethei oi not this slight fibiosis of the subsynovial 
tissues IS permanent has not yet been deteimined” 

Obset vahons in Man 

We have obtained pieces of the infiapatellai fat pad during the course of operations 
for fiactuie of the patella oi avulsion of the tibial spine Many biopsies w ere made betw een 
the fouith and the si\ty-fiist days The changes-J)bseiJLed_accurLed^nlv_an-tlie mtima 
The outei layei, on the enntiaiy , lemamed fatty w ith only occasio nal fibrosis 

A Fiom the first days (Fig 9) the vilh showed an e\tiaordman exubeiance, their 
ends met and adhered to each othei, foimmg little lakes filled with red blood cells 

The intima, considciablj thickened, was a eiv iich in hi^tioc} tes, poh morphe • - ir 
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Fig 11 

Adipose synovial membrane ( X 250), si\ty-first dai"- aftei fractal e of the tibial spine The articu- 
lar edge IS normal The intima contains intiacellulai pigments (not visible in the i eproduction) The 
external lajer is normal and theie is no infiltiation 


1 

1 


Fig 12 


Tnn inioctions, each of one cubic centimctei of blood, iieie given in a peiiod of one JJS^rccaiiiE 
SX- -Se 1™ fib-rS. ?h“elS'c'e*r ;„c aid , he pigmcnl. 


IIO 

have disappeared 


iiiL JounwL oi noM and join" 


i-i lit I It' 





THr SINOVIAL MI'MBKWL OF THb KNEE 


331 


ucuti ophils, iiiui monotvtes Lhc Iwsiil siibhliincc showed a netwoik with ivide spaces, 
Ihc losuK of ocdcnvi Tlio dilated vessels showed leukocyte maigmation 

B Af ihc end of (he fast weel, (heie was still hypeitiophy of the mteinal la 3 fei, in con- 
(last to (he noi in d aspec t of (he c\(ei nal Liyei The villi w eie fused at the tips, suiiounding 
isle(s of led blood cells A smoo(h synovial suiface leappeaied (Fig 10-A) 

d he in(im i w as (hu kened and showed a \ aiiable stiuctuie In ceitain aieas the histio- 
cytes, whicli noinvillv icpiescnt only a single inteiiupted layei of cells on the suiface, 
wcie inci eased in numbei (as confiiined by the piesence of mitosis), and became stiatified, 
constituting a pseudo-epithelium The cytoplasm of the most supeificial cells was vacuo- 
hzed, and then tiicse cells iiecame desquamated into the aiticulai cavity and dissolved 
(Fig 10-B) In othei aieas the basal substance w^as m diiect contact w'lth the aiticulai 
cavity, as if the histiocytes which coveied it had completely disappeaied (Fig 10-C) 

The islets of icd blood cells, sunoiinded by fused villi, show^ed little change and haidl}’^ 
any leukocyte infiKiation The plasma was paitly clotted, foiming shieds which adheied 
to the denuded basal substance A disci ete mfiltiation of polymoiphonuclear neutiophils 
and lymphocytic cells appealed aiound the small vessels 

The outei layei, which was typically adipose, was not mfiltiated 
C Jt the end af the second month, the synovial membiane had assumed an almost 
noimal aspect The intima piesented a noimal aiticulai boidei The histiocytes foimed a 
multistiatified 1 ij'-ei These weie inteimi\ed in the depths wuth lymphoej’-tes and plasmo- 
cytes lion pigments could be detected inside and outside the cells, bj'^ the leaction of 
Peiles (Fig 11) 

Ohsci vaUons in the Animal 

Undei ethei anaesthesia, one cubic centimetei of blood was aspiiated fiom the eai of 
a labbit into a syringe, pieviously treated with sodium citiate, and injected asepticallj’- 
into the light knee This piocedure w'as lepeated ten times within thnty days The rabbits 
weie saciificed between the twelfth and the tw'o bundled and tw'enty-second day 

On the twelfth day the aiticular line showed veiy rvell developed vilh and niaiked 
sjmovial folds The intima showed moie cells than the normal side, the nuclei of fibiocytic 
chaiactei weie also laigei, wuth the oval foim piedommatmg The stioma, instead of 
being araoiphous, enclosed collagenous fibiils paiallel to the suiface In manj'^ aieas the 
boidei had indentations, as a result of the piocess of desquamation 

The exteinal layei had lost its typical adipose chaiactei Theie weie still a few fat- 
hlled spaces, but they appeared small and elongated, as if compressed by the fibio-aieolai 
tissue w'hich had replaced them, the fibers of this tissue w'eie slender in the supeificial 
portions and fasciculated in the deep layei s The fibrocytes weie consideiably inci eased 
in numbei and w^ere enlarged, their foim, although vaiiable, w'^as often ovoid In addition, 
many free elements weie found m the intima and in the deep lajmis, histioc 3 ''tes, plasmo- 
cytes, and some mononucleai cells, as w'ell as pyknotic nuclei 

Iron pigments (identified by the technique of Peiles) weie first visible on the suiface 
m the intei cellular spaces and histiocy^tes, and also deeper m the inter loi of the free ele- 
ments Oui illustrations are identical with those published bj' Key 

At the end of the second month a very marked regression of the piocess was noted 
(Fig 12) The intima, still thickened, w as foimed by twm layers of smaller fibi ocytic nuclei 
The villi had become moie discrete The internal boidei was less f ringed 

The extei nal layei w as mostly adipose There were onlv r few collagenous collections, 
mostly on (he suif.uo The histiocytes had loguned noimil sire iiid did not contain any 
lion pigments, rs veiiticd Iry' Peiles technique 1 i icticilly no fiee led blood cells oi 
mononuclear cells weie piesent, but a few plasniocytes and prknotic cells 

By the end of the sixth month the findings had become noi m il 1 he adipose s\ nor lal 
membi ane of the expei imental i ight side and that of the left side w ei e ident ic il and normal 
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Conchisiom 

Effusion of blood into a joint pioduces immediate, veij" intense prolifeiatn e leactions 
in the S3TioviaI membiane The piocesses take place almost exclusivelj^ m the intima, but 
the changes aie onlj- tempoiaiv and legiess rapidlj'- The s3movial membiane gradualh 
becomes noimal, and no indication of the piocess remains 

This e\peiimental stud3’' peimits an ans'ner to the question of Ke3" The fibrosis is 
f^empoian' From a piactical point, an effusion of blood into a joint is an incident unth- 
out futuie repel cussions In the noimal subject {we did not considei the complex pioblem 
of hemophilia), hemaithiosis does not lead to chionic aithiitis 

We believe that aspiiation of tiaiimatic hemaithioses oi lemo^al of clots in the 
process of osteos3Tithesis of the patella is still indicated It is done only to acceleiate the 
normal piocess of healing, and not to avoid definitive lesions We must also know that 
the blood which accumulates in a joint m the couise of an ai tin oplast3^ oi capsulai lepaii 
IS not diiectl3’- lesponsible foi possible futuie distuibances such as lecuiience of ankylosis, 
stiffness, oi aithiitis 

III C]uo 7 nc Hypethophtc Villoiis Aithihs 

Review of the Liteiatuie 

The Flench suigeons in the beginning of this centui3’^ had foieseen the theiapeiitic 
possibilities of S3'novectom3’- foi iillous aithiitis of the knee joint, Mi gnon and Luca s- 
Championnieie piepaied piecise clinical and histological desciiptions Aftei the first 
descripti(ms 7 hoWe^ ei , the condition w as neglected on the Continent 

The ciedit foi leMving and continuing the subject belongs to the American school 
(Jones, Steindlei, Swett, Speed, Hendeison, and man3’’ otheis since 1924 ) and latei to the 
Geiman school (Pa3u, Buickhaidt, and A^andl) 



Fig 13-A 

SyEO^^al inllous hj pertrophic arthritis in a m^n fif fcyrt w o years old ^ 
brawe (X 22 5) is replaced by a fibro-areoHr membrane with numerous - 
in the lower nght portion, many nodules me visible 
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Fig 13-B 


Fig 13-C 




Fig 13-B Ddiil of Fig 13-A (X 175) shows 
laige o\aI nodule, consisting mostlj of niononu- 
cleir cells, without a trace of the basal substance 
Fig 13-C Detail of Fig 13-A (X 175) shows 
(1) internal la\er with deeph stained nuclei and 
desquamation of the edge, and (2) fibro-areolar 
lajer, veij laeunai, having vessels engorged wath 
erythroej tes, fibrocj tes, and laigc disseminated 
macrophages, theic is finally an etioimous nodule 
Fig 13-D Detail of Fig 13-C (X 438) shows 
migrating cells, the majoiite paiticipating inthe 
formation of a nodule aie plasmoc> tes 

A good explanation of the patho- 
genesis of chionic mUous hypeitiophic 
aithiitis has not been made The tiadi- 
tional means of leseaich, consisting of 
microbiological and histological investiga- 
tions, have not been pioductive The 
studies of Kling e and his school may, hou - 
evei, help in undei standing the pioblem 
Klinge consideied ilietimatism to be a 
disease of mesenchymal tissue Its specific 
histological manifestations consist of two 
elements the fiist is deggnmative, the 
fibrinoid tiansfoimation of the basal sub- 
stance of the connective tissue, wdnch be- 



Fig 13-D 


comes ivaxy, stionglj'^ lefi active, and acel- 
lulai , the int rafa sciculai tissue is oedematous 

The second stage is pi n lifei nt ive,.— namely, an inciease in the numbei of mesench}™ d 
cells, w^hich invade the waxy substance, foim little gioups, and oiganize in nodules oi 
gianulomata The blood cels (polymoi phonucleai neutrophils, l:\mphocites, and eosino- 
phils) aie vaiiable in numbei Plasmocytes are fiequentl}' present 

This conception of Klinge w as based on numei ous autopsies and also on expor al 
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Fig 14-A 

Two cubic centimet_eis of horse seium was injected into each flank, and, tw ent 3 ’’-eight dajs later, 
four injections of 0 25 cubic centimeter each, into the joint The animals were sacnficed thirtj- 
eight daj s after the last injection Photomicrograph ( X 250) show s the intima to be hjTertrophied 
The external la} or is fibro-aieolar At the border between the two zones theie is strong infiltration 
with plasmoc} tes and pol} morphonucleai neutrophils 



Fig 14-B 


Same preparation ( X 500) show s w axy degeneration of fibrous tissue, sw 
tion of the poorl} stained fibnls, and a few cells These areas contrast with 
resented in Fig 14-C 
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; the nodular aspect rep- 
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Fig 14-C 

S-imt pupal 'vtioii (X 500) A tiue nodule of inflammatoij cells 


studies Animals Meie sensitized by albumins, such as hoise seium, oi by bacteiia like the 
Stieptococcus 01 Pneumococcus By the administration of the same antigen into the knee 
of the animal, anatomicopathological lesions aie produced Mhich aie compaiable to those 
obseived in autopsy studies of iheumatic patiente, — namely, dissolution and Ma\y ne- 
ciosis of connective tissue, multiplication of fibiocytes, and foimation of nodules 

On the basis of these findings, Khnge foimulated the h ypei gia theoiy of iheumatism, 
consisting of application of tissue anaphjdaxis to joints (phenomenon of Aithus) The 
iheumatic patient is a sensitized individual, h3^peigic to a bacteiial oi 'blhei to\in, deiived 
eithei diiectly fiom without oi fiom an internal focus Undei the effect of the same antigen 
01 bj'’ action of a mechanical oi climatic natuie, such as cold, an alleigic leaction of the 
mesenchymal tissues of the individual may develop 

We consideied that it would be of inteiest to veiify the theoiy of Khnge, because the 
Geiman mvestigatoi believed that, in ihe umatism, j t^lie s^movial changes aie piim aiv. 
and the os seous and ca iiilag-inous-changes aie secondaiy Villous hypei tiophic ai thiitis 
IS an excellent exa mple of svn aiaal-iheumatism 


Observations in Man 

In this study nine synovectomies weie perfoimed foi chionic villous hjqiei ti oplm 
aithiitis (Figs IS-Al-oTBrU) 

We have nothing to add to the histological desciiption of the Ameiican authouties, 
but a short resume follovs Tvo aspects veie consideied 

At fiist, theie was an intense celhdai mfiltiation, ln^ol^mg plasmocytes, polvmoi- 
phonucleai neutiophils, and mononucleai s The noimal sjmoMal membiane, as vould lie 
expected, showed only a limited numbei of plasmocytes and no leukocytic infiltration 
Thus the free cells must eithei have become diffeientiated locallj oi have lieen In ought 
in through the blood sti earn The cellulai mfiltiation also m\ oh ed a laige numbei of cells 
of indefinite oi igin^ v Inch may be compaied with Ivmphocj tes oi small histioc\tes 

Vaiious abnoimal elements weie eithei disseminated in the submtimal region oi 
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Fig 15 

Tno cubic centimeters of hoise seium was injected into each flank, and, beginning t\\ entj -eight 
da'^ s latei, foui injections of 0 25 cubic centimetei each, into the knee, ovei a period of si\tetn da^ s 
The animals weie sacrificed 172 days after the last injection 
Si\ months aftei the occuiience of the phenomenon of Aithus, the nodules, consisting of plas- 
mocytes and histiocytes, aie still piesent in the intima (X 500) 

giouped as a jiod ule The most salient chaiacteiistic of the histological pictiiie — namel}", 
the cellula i i osett e eithei ai ound oi outs ide a blood ve ssel — was also pi esent Ai oimd the 
nodule a melting of~the intei cellulai stioma was obseived, — lacunai appeal ance of the 
basal substance ttith disappeai ance of the fibxils 

In the second . stag e, theie was a hypeit iophy of t he synovml Tn arolnane m all its 
thickness, with tiansfoimation of the fat into fibious tissue, activity of the entiie villous 
zone, multiplication and scleiosis of the vessels, and finall}'' oedema, piobably associated 
wuth hjrdiaithiosis 

Obsei vations in the Animal 

In this study, labbits weie sensitized bj'^ injecting 2 cubic centimeteis of hoise seium 
into each flank Aftei an intei val of one month, injections of 0 25 cubic centimetei of hoise 
seium w’eie made into the light knee of the animal, this pioceduie w'as lepeated thiee oi 
fom times nothin ten oi twelve days The animals weie saciificed between the fouiteentli 
and the one hundred and seventy-second day aftei the last injection 

Oui findings weie as follows The intima w'as multistiatified Nuclei of the fibiocytic 
type were moie numeious than aie noimally seen The sti iking featuies were then swollen 
appearance, niegulai outline, and pooily defined chiomatic contents The amoiphous 
basal substance was thickened, pooily stained, and sometimes sent out fiee pi elongations 
tow^aid the aiticular cavitj'- An inci eased numbei of plasmocyTes and pol.ymorphonucleai 
neutiophils w^eie found in the intima (Fig 14-A) 

The exteinal layei had lost its adipose chaiactei A few empty vesicles could be loun , 
but they weie small in size and depiessed The basal substance sometimes lepiesente a 
finely leticulated tissue The collagenous fibiils appealed sw ollen, homogenized, an on \ 
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sliglith •'I uiu’d, in some aiOiis ol tlio piop.iialion a fow degeneiatcd cells had accumulated 
(Fig 14-B) d’hoso iioas altein itod with olhei-, which had a nodulai appeaiance and weie 
1 ich 111 11 1 cgul 11 libioivtos, hist IOC vl c's, plasmoc i tes, and poljmioiphonucleai neutrophils 
(Fig 1 1-C) 1 he vessels wc'ie siiiiounded with losettes of lound histioc 3 des, plasnioc^ tes, 
laie monoiuielcais, and pi knot u iiiulei 

This histological appeai.iiicc leuhed its ma\imam definition towaid the second 
month If affeiwaid the signs of tissue .ulnity decicased, they still had peisisted foi a 
long time, because si\ months aftei the 1 ist injection tiaces weie still piesent (Fig 15) 
In these cxpciinionts the left knee which was not injected, was alwaj'^s examined and 
found to be noimal (Fig 2) 

We also c II lied out the following contiol expeiiments 

1 Picpaiaton niiectioiis weie made into the flanks without seconclai}’^ injections 
into the knee 

2 Hoi sc scium was injcc ted into the joint of an animal without pieliminaij^ piepaia- 
toiv injections The phenomenon of \ithiis was nevei obtained in eithei of these expeii- 
ments 

Co?ichiswns 

The histological pictuie of chionic \illous aithiitis is so well lepioduced in expeii- 
mental alleigic aithnt_is that we aie inclined to admit the identity of the mechanism It 
is a leaction compilable to the phenomenon of A j thus, but obtained in a joint These 
chaiacteiistics aic 

1 Waxv tiansfoimation of some aieas of the basal substance 

2 Impoitant mhltiation of the two la^’^eis of the synovial membiane bj^ cells which 
aie usually infiequent, — plasmocytes, polymoiphonucleai neutiophils, and monocytes 
These elements ai'e eithei diffuse oi well giouped and, when associated with fibiocytes, 
lesemble the nodule of Klmge 

3 Signs of connective-tiss ue actiy ity, including foimation of villi, desquamation, 
cellulai density of the intima, icplacement of adipose tissue by hbious tissue, and multi- 
plication of vessels 

COMPARISON OF V VRIOUS REACTIONS OF THE SXNOVIIL MEMBR VNE 

The changes obsen ed in man aie compaiable with the leactions pioduced in animals 
Three groups of facts should be consideied 
By synovial activity we mean 

Inciease in numbei and impoitance of folds and villi 

Irregulaiity of the fiee boidei and desquamation, the cells and basal substance 
“fall” into the joint cavity 

Multistiatification of the intima 
Geneialized piohfeiation of connective-tissue cells 
Swmllen appearance of cells 
Hypei vascularization 
By fibrosis w e mean 

Fibrillation of the basal substance of the mtnna 

Disappeaiance of the adipose vesicles of the external la\ei and appe nance of 
collagen bands 

Scleiosis of the walls of the vessels 
By infiliiation we mean 

Multiplication of fiee cells, which noimalh ue laie 
Appeaiance of new cii dilating cells 

With these dehnitions in mind, w^e aie able to picsent i biief pictuie of the piincipal 
pathological changes obseived m meniscal tens, effusions of blood and s\no\nl arthritis 
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(a) Synovial activity is maiked at the onset, it subsides aftei si\ months 

(b) Fibiosis IS the piedominant element 

(c) Infiltiation is usually absent, in ceitam veiy old oi complicated cases it may be 
piesent, but m a disci ete foim 

The evolution is continuous and piogiessive 

2 Efjusions of Blood 

(a) Synovial activity is immediate, intense, and is limited to the intima 

(b) Theie is no fibiosis 

(c) The infiltiation of the intima is acute polymoiphonucleais, especially mono- 
nucleais, and pigment cells 

The evolution is of shoit duiation, and the sjmovial membiane becomes noimal 

3 Synovial AHhiitis 

(a) Sjmovial activit5r is intense and geneiahzed 

(b) Fibiosis is a secondaiy element, showing onlj'- ua\y degeneiation of connective 
tissue 

(c) The infiltiation is eithei diffuse oi m the foim of nodules, with predominance of 
plasmocytes, then monoc3des, and finally pol3'-moiphonucleai neutiophils 

The evolution is of long duiation and is piobably undei the influence of fuithei al- 
lei gic 1 espouses 


CONCLUSIONS 

This stud3'- pel nuts us to define the celhilai behavioi of the s3mov]a] membiane to 
vaiious iiiitants In memscal teais it is of mechanical natuie, in hemaithioses it is of 
chemical nature (endogenous pioteins), and in villous aithiitis it is of an allergic natuie 
(phenomenon of Aithus) The histological pictuie of each appeals so diffeient and so 
chaiacteiistic that it has a certain value in pathogenic lesearch of a chionic affliction of 
the knee We believe that it will be possible in the futuie to establish ii-ith piecision, 
thiough a biopsy of the infiapatellai fat pad, the factor lesponsible for the oiigm of a 
moibid piocess 
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ETIOLOGY OF CONGENITAL DISLOCATION OF THE HIP * 

in CVIJL L B VDGLri , M D , \NN A.RBOR, MICHIGAN 

Hey Gloves lias well expiessecl the pieseiit-day concept of congenital dislocation 
of the hip as “a defoimily which is mysteiious in its oiigin, insidious in its course and le- 
lentless in ils fin il ciippling icsults” Numeious well-known theories foi the development 
of this condition ha\o been ulvanced Extensive anatomical studies of noimal foetal 
skeletons, and iin estigations of the pathological anatomy of foetal and postnatal mateiial 
demonstiating tiiie dislocations of the hip, have been lepoited Genetic studies of the 
pioblem have indicated familial tendencies, with even a stiong suggestion of a dominant 
Mendelian tiait Anthiopological studies and knowledge of compaiative anatomy have 
been utilized 

In geneial, two main theoiies foi the etiolog}'- of congenital dislocation of the hip 
have piedominated foi many yeais Thioughout the hteiatuie, the main contentions foi 
the canons theoiies aie based upon twm assumptions, — one that the lesion is the lesult of 
a piimaiy geiminal fault, the othei, that it is due to a defect of development of envn on- 
mental oiigin Recent expeiiniental embi3mlogical wmik tends to show" that many lesions, 
consideied the lesult of a geiminal defect, can be pioduced b}" environmental changes 
Although exponents of the mechanical theoiy can piesent convincing anatomical 
evidence to suppoit then claim, few" authoiities accept this theor}" The cumulative evi- 
dence of sex chaiacteiistics, heieditaij" factois, and geographical and lacial incidence, the 
increasing lecognition of an associated hip dysplasia on the so-called noimal side, and the 
fiequent occuiience of associated defoimities have led to the moie populai h5"pothesis of 
a primal}" developmental fault 

The most commonly accepted theoiy of developmental abnoimahty is a piimaiy 
failure of piopei formation of the acetabulum, paiticulaily a geiminal failuie of develop- 
ment of the posteiioi supeiioi buttiess of the ilium Murk Jansen, Biuce, Moiiison, Hey 
Groves, Fairbank, and many othei s, including the piesent-day follow"eis of the concept of 
primary acetabular dysplasia as emphasized by Fabei and Hart, have believed that the 
flat socket is the primary developmental fault 

It IS diflScult to see how" an obseiver, unless influenced by the w"eight of pie-existmg 
statements and concepts, can authoritatively state a hypothesis as an accepted fact The 
author denies dogmatically, foi example, that there is scientific evidence of a primary ge- 
netic developmental fault of the posteiioi superior portion of the acetabulum He does not 
refute the existence of such a lesion, but contends that no satisfactory evidence has been 
submitted that this lesion is the piimaiy developmental fault Similarly, several othei 
authois have stated that, in the mechanism of development of congenital dislocation of the 
hip, although the acetabulum is defective, the head is w"]thin the socket w"ith the hip in the 
typical intra-uterine position of flexion On extension of the low"er extiemitj" after birth, 
dislocation may occur suddenly, or gradual displacement maj" result Y ith w"hat proof is 
this statement of the time occurrence for congenital dislocation of the hip made‘s 

There is on record, it is true, evidence of congenital dislocation in a five-month foetus 
The teratological dislocation is undoubtedly pienatal in origin, and another t3"pe, to be 
discussed, also occuiied pienatally Rathei should one say that the time of occurience of 
congenital dislocation of the hip is not know"n, because of inadequate investigation in earl}" 
life Ceitamly Putti, stressing the featui es of early diagnosis by his tiiad of criteria, has 
demonstiated the possibility of recognizing preluxation of the hip at a much eailier age, b\ 
a piocess of education of the public and the doctoi to look earlv for this abnormallt^ 

♦Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, 3 irgnna. 
June 30, 1947 
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Fig 1 

Child iMth abduction and flexion of light lower e'^tiemity and hypeiexto^^^^ 

femur, associated with dislocation of the left hip, piobably mother’s pelvis, one 

adduction in pioduction of pathological dislocation A locntgenogiam of the mother s pciv , 

^^eek before delivei3% sho^\ed this same deformity 711 uiero 

It IS time foi us to investigate the etiology of dislocation of the hip, 
judice, assembling the facts tvithout bias Conjectuie should not be presented 


MECHANIC ■Vli FACTORS 

Mechanical factois pioducing dislocation of the hip have 
postnatal period The position of flexion and adduction has been demonstiated 
of clinics, including our own, as a dangeious position in bji^e 

pathological dislocation Certain isolated cases of congeni a is oc ^ potential 

been reported, which have a similar 

cause of dislocation of the hip m postnatal life Tubby state mtal dislocation of 

cases of congenital dislocation of the knee, in tiventy of iv ii g 

the hip occurred due to intia-uteime mechanical causes , , oppoitunit} to 

Through the courtesy of the Ford Hospital, the au oi abduction of theloP 

see such a case of congenital dislocation of the knee, located The foetal more 

on the same side (Fig 1 ) The opposite hip ivas adducted an d 1 ^^^^ 
ments were said to be unusual, being felt in only one place c t the fi^ed 

genogiams of the mother, taken a week before delivery clear I3 ^^^bstantiat.on of 

deformity of the limbs in ^Uero Such an isolated case is, "^tumstances 

the mechanical theory for dislocation of the hip except but does not expla’” 

The mechanical concept of Le Damany and Dega seems plaiisi , 
adequately the environmental, genetic, and racial featuies developmental defect 0 

..e many faeto.s opposed to the — “f a p^a.y de> lev 

+1 opptnbulum as the cause for dislocation of the hip Y caitilagc a 

::Xsrth. faau ..ave W 3^:0, ha.he. 0- d. 

moie lecently. a pi.ma.y developmental failme P 

acetabulum sitgcci 
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Vn inlciiMVC lovicw of (ho ctiologVi hi light ol loccnt methods of embi jmlogical e\- 
peiiniGiiliilion, is iioccssuy 1 ho iiifoimalioii .ivniiLihlo at the piesent time is inadequate, 
hut mav sliow (lie possiliihties foi lutuio studv' 

, GI NLIU sruDV 

Thcappioioh to (lie piolilem of mliciitaiue lac tois m congenital dislocation of the hip 
|''s ven difficult Pitton has stated that the basic pioblem of the mteipla}^ of heiedit}^ and 
( eiiMionment, ilthough “both aic involved in the causation of anomalous development”, 
( makes gcnciahzations unsuie as to then lelativ'e impoitance Waikany and his associates 
B found that feeding defective diets to noimal bieedmg lats pioduced offspimg vitli skeletal 
t defects Such findings, which hithei to had alwa 3 ’^s been legaided as the lesult of a piimaiy 
» mtiinsic f uilt, show the impoit nice of extimsic oi envii onmental factors that may simu- 
f late a heiGchtan intiinsic fault Patten stated that Stockaid had produced evpeiimental 
evidence “that dilTcient distuibances applied at the same phase of development wmuld 
I' tend to pioduce the same defects, wheieas the same distuibmg factoi applied at diffeient 
i^phases of development pioduced diffeient defects” 

: Halt, m an excellent papei on piimaiv genetic dj'^splasia of the hip, quoted fiom 

,'Fabei s woik incl his own to show that theie aie latent caiiieis of the gene foi hip dj^spla- 
■ 5ia A tiue genetic histoiv'^ cannot be gamed fiom a stud}'^ limited to hip dislocation Hart 
hdated that hip dj'sphsia is due to a dominant gene An incidence of about 20 pei cent of 
^ genetic occuiience in families has been lepoited bj’^ manj'' authors Accoiding to Hait, 
Fabei demonstnted that dj'^splasia of the hip joint was thiee times as fiequent as w^as 
classical dislocation Theiefoie, a seaich foi dj-^splasia of the hip shows a much highei inci- 
dence, as indicated bv" di Piampeio’s studies 

Patten has pointed out that enough data foi genetic studies m man have not yet been 
iccumulated to be dehnitel}^ mfoimative, that specific mating is not feasible, and that the 
leteiozj'gous human geim plasm makes definite conclusions as to the impoitance of in- 
iinsic and extiinsic factoi s most difficult 

PRINCIPLES OF DEVELOPMENT 

We aie indebted to Weiss foi the following obseivations Expeiimental embiyology 
las added definitel}'^ to the knowledge of embi 3 ''onic development It seems to be estab- 
ished that theie is, in geneial, almost a piedestmed mosaic pattern foi development 
'hich, if earned out in a noimal enviionment, will lesult in a normal development peculiar 
01 the species Each species, as w ell as each system of the species, has its owm pecuhai 
lowdh pattein This giowth pattern, inheientlj'^ designed by intrinsic factors, is depend- 
nt, howevei, upon the envii onmental conditions, the extiinsic factoi s, undei wdiich it 
'loceeds Tempeiatuie, nutiition, and othei environmental factoi s may acceleiate oi delay 
he noi mal gi ow th i ate The pi edisposition foi normal gi ow th is the gi ow th potential w hich 
laj'’ be mteifeied with bj'^ factoi s indispensable foi its realization, these so-called giowth 
ucumstantials”, how^evei, aie not lesponsible foi the chaiacteiistics of growth The 
low^th rate maj'^ be noimal oi abnormal Embij'^onic giow’th of a pait advances unevenlj'^ 
jRch sj'^stem has its owm time peiiod, influenced and conti oiled to some extent bj'' the body 
s a whole Intel ference wuth grow'th of a pait wall pioduce fai moie abnormalitj'^ during a 
base of rapid grow^th than duiing a quiet phase It has been shown that abnormalities m 
evelopment do not depend upon the natuie of the exciting factoi so much as upon the 

ime peiiod of the distuibance of noimal giowth 

Peifect timing foi the development of the constituent paits is essential This is well 
enionsti ated elsew hei e embi jmlogicallj'^ in the failui e of pi opei timing m the dev elopment 
f the heai t valves, pi oduemg congenital Iieai t lesions, and similarlv in the time orderliness 
' f the development of the eye Patten has discussed the dev elopment of rachischisis of the 
3ine fi om faultj^ timing in gi ow th 
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Paits of a joint can develop typically, howevei, even though they aie not in contin 
uity Expel iments in limb-bud ti ansplantation have demonstiated that a typical socket i 
developed b}^ the shouldei giidle when no humeius is piesent, and, similaily, that a tipicil 
head of the humeius has developed in the absence of a shouldei socket Neveitlieloss the 
continued embryonic grovth of this inti insically designed head oi socket would alter with 
out the envii onmental factois piesent to guide its mtiinsic design It is impoitant tor^ 
membei the fouith dimension, time, m this dynamic giowth, — not Avhat has liappcneKl 
but what will occur as a result of environmental change 

Muiiay made the folloiving statement “Summaiismg, it may be said that the gro ' 
form of those kinds of elements which have been mentioned (mainlj’- parts of the limb 
skeleton) is developed b}'- self-diffeientiation, that is, under the direction of factois mtrin ic 
in each developing element These factors aie not, however, sufficient for the pioduction 
of a functional skeleton In the eailj'’ stages, when the development of gioss foim is pro- 
ceeding, it IS doubtless essential that extrinsic forces such as the giowth pressure of other 
elements, etc shall not deviate far from the noimal conditions, it would be absuid tosiig 
gest that the mtimsic factois could produce a normal skeleton howeA’^ei unfavourable the 
extrinsic factois might be In eailj'' stages the intrinsic factois are determinative, theox 
tiinsic factois only important m providing conditions in which the mtimsic factois can act 
In later stages, ivhenthe gross skeletal model is being lefined and perfected, the importance 
of extrinsic factors increases It is doubtless the con elation mevitabl}’" following upon 
development and early function in close contact that causes the two components of a joint 
to be so peilectly adapted to one another, and evidence has been presented which indicate 
that various grooves, prominences, etc , of the late embryonic skeleton are piobablj pro 


duced in reaction to extrinsic and presumably mechanical factois ” 

Hambuigei and Waugh studied neiveless oi poorly innervated limb buds and con 
eluded that inneivation played a mmoi lole m the development of joint foiniation hor 
mally developed skeletal design often occuiied m these transplants, in spite of isolation 
fiom the body and lack of inneivation Continued development of these abnoimalh phif 
and poorly inneivated limbs is not lecoided, but doubtless vould be most inadequitf 
Hambuigei and Waugh concluded that although “the piimaiy development of the 
skeleton is thus shown to be self-diffeientiation to a high degiee, extiinsic factois becora 
of increasing importance m latei phases of bone deAmlopment” These studies all em 
stiate the mosaic pattern foi development, the giowth potentiality is initially o 
impoitance, but extrinsic factois may'’ latei altei the intimsic design Hamburg^J^ 
Waugh quoted Haiiison as ivaining against “the indisciiminate acceptance o 
that diffeientiation pioceeds univei sally fiom an undetei mined state to one o rigi 


deAmlopment ’ 

It is impoitant to recognize that the mosaic pattern may be inteirupte 
The prospective potency— that is, the full lange of deAmlopmental pnr 

given pait of the geim is capable undei any conceivable ciicumstances pjgjjnitf 

spective fate, the lineage of each part of the egg through its cell descendants 
portion of the adult One must have the concept of timing, the eacb 

changing structure The tempo of operation is an important characteristic an' 

has inherited from the egg Perhaps heie the chief influence of heiedity, em^ir 
geographic and racial chaiacteiistics is felt An inherited altei ation m t e . 

growth of the hip system, oi environmental delay oi ovei stimulation, roig ,1 ^ 

faulty development To recognize the potentialities of noimal oi a of thd 

concept of the necessity foi perfect timing duiing the vaiious phases o g 


joint must be undei stood 


Rotation of the Limb Bud , 

f fni the * 

The evolution of posture of the pelvic limbs is chaiacteiis ic 

BOVEANP-’O'"^ 
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'I Ills ihcMitKin (if posilion is 1 \\(>ll-u>i i)n;iii/( (I (iiiln \ olofrical fact of gieat impoitance 
(liiiK ill\ 111(1 iiiitoiiiK ill\ I( Ins lu'('ii sli()(\ii l)\ 1 niunlipi of obseiveis, paiticulaily 
lhi(io('n Mild 1 (n\is till! llu’ Iiinli Imds in llic liiiin m (’inbiyo undeigo a lotation phe 
iioninioii l^iil('\ 111(1 MilU'i st ilodtlnl tholowd limb burl appeals at the end of the thud 
wcc'k IS a sm ill imiiKh'd piotiiluM ime on the I iI(m il Iiody wall, opposite the sacral flexuie 
Dining (he fmiilh wim'K ('long ilioii nmiis nid (he (i.ins\ cisc constiiction, sepaiatmg the 
piOMin il fioiii (he dnt d poi (ion, (le\ ('lo|>s Dninig (he sixth week, the limb bud is maiked 
'ofl b\ 1 bend foi (Ik’ knee 

\s (he limb buds Inst eloiigiti' (hen long ixes he iieaily paiallel with the long axis of 
(he hod\ 1 i(('i th('\ ii e dn (>( (I'd \ eiit i dh ii( nh it i ight angles to the bodj'- axis The 
(ibid miignis ik' (nimd (ow iid (Ik* he id lo iKinne positions lelative to the body as 
found in jiostnitd life tin extumitu's must undeigo fnithci changes These consist of 
(oision iioiind then bom i\( s md lotition (liiough in angle of 90 degiees The light 
lower ex(remi(\ (wnts to (he h'ft \( the s nne time liotli extiemities swung backw'aid 
(hiough in ingle of 90 (h'giees so (b it tluw Ik pai illel with the long axis of the body 

It is (leir from (he ilhisti itioiis of seh'ited embiyos (fiom 8 milhmeteis to 58 milli- 
meters) (hit (he dtei ition of position of the limb Inids stai ts piioi to the sepaiation of the 
(omponenl pirtsof (he hi)) joint Isxeii (he 1 5-milhme(ci embiyo show s lessened abduction 
of (he limb bud Doulith'ss (his .dtei ilioii is inlhu'nted liy giowth of the embiyo m length 
It *cems olnious (h it (hisimstni ddiingeol (hehml) budpiioi to motion m the hip joint 
mu be 1 dernnte f u toi in (Ik* piodiu (ion ol the inclination of the neck of the femui, chai- 
ictcristu of (he hum in spn les Most of the postuial change of the limb buds develops, 
nowexor, iftei thesepu idon of (behead of (hcfemui fiom the acetabulum, wdiich appeal s 
'isunll\ vftci (he 30-millime(ei st ige of (he foetus 

T bus (he hip joint is peiuli ii in its dcxclopment Oiigmatmg m a lateial abducted 
position to the peh is ind icet ibulai ullage, the held of the femui and the shaft must ad- 
luct lo i position paiallel with the long ixis of the tiuiik, piactically 90 degrees, and must 
otate mlcin dh ipproxnn.itch 90 degiccs at the hip joint to allow the patella and leg to 
ace forw ird Much of tins lot it ion occurs cluiing the thud month, but is not complete 
\ on ifler bn th Sonic degicc of i et out ion of the foetal position of external rotation is com- 
nonlj' seen months iflci biith, c\cn continuing at times until adolescence 

Not onlj' aic adaptue changes in the acetabulum and the upper end of the femui 
lecessitated by this i otation phenomenon, but theie is development of the oblique position 
f the acetabulum to the sigittal plane An inciease in giowdh of the posterioi portion of 
he peh IS m piopoition to the extent of giowth of the pubic poition is a well-recognized 
natomical fact Thus the position of the acetabulum is developed wnth a fonvaid and a 
ownward inclination Stcindlei gives a statistical leport of 40 degiees of forward inchna- 
on and GO degi ces of dow n w ai d inclination In a i ecent stud}'^ fi om our clinic by Donovan 
nd Campbell on the adult pelvis, the angle of foi w'ard inclination xvas 30 degiees and the 

ogle of dow nw aid inclination was 60 degiees 

Dega, m a leview' of 100 foetal skeletons, showed the angle of foiw'ard inclination of 
le acetabulum to be 29 5 degiees The downw'aid inclination in i elation to the transveise 
lane was 62 8 degiees Dega show'ed that the downxvaid inclination inci eased gradually, 
arallelmg the increase in anteveision of the neck of the femur The decrease m the foi- 
ard inclination of the pelvis, how'evei, did not begin until the eighth oi ninth foetal 
lonth 

Le Damany pointed out that the human foetus has undeigone thiee defoimities at the 
me of biith which aie not found in animals Fust, he lefeiied to the pelvis defoimed bj" 
king of the ihac bone on the sacium wnth enlaigement of the pelvisacral angle, second, to 
ihquity of the acetabulum, and, thud, to anteveision of the head and neck of the femui, 
sociated wnth torsion of the femur He aigued that, if the sum of the obliquity of the 
etabulum and the anteveision of the neck is greater than 60 degiees, dislocation occurs 
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The authoi ’ - has pointed out that the chaiactenstic postuie of the limbs in aitlirc- 
giyposis multiplex congenita closed’- appioximates the eaily foetal position of tlio Iim' 
buds AYe attiibute this to failuie of lotation of the limb buds, due to the ah^eiKci' 
muscle function in the extiemities, which is chaiactenstic of the s 3 mdionie Thisenipln 
sizes the importance of the foetal muscles in the pioduction of toision and aiitei er>ion,a 
with extensiye muscle myolyement, neither toision noi anteyeision is evident if thclim! 
aie in the chaiactenstic postuie In the instances of this sjmdiome associated iiitli del 
cation of the hip, the lesponse to abnoimal position of the constituent paits of the In? 
joint IS beautifully illustiated bj’- the case of R L M - Opeiative inspection demonstrate 
that the head, haying laid above the acetabulum anteiioilj'^, had pioduced a maiked note' 
m the ilium, which was undoubtedl3'- the lesult of diminished giowth fiom piessuie T 1 
ilium above the displaced head of the femui giew foiward noimall3’- The head iiastlif 
pointing diiectl3'^ into the pelvis and into the ihacus 

Lack of rotation of the limb bud, the letention of the foetal position of the limb, an' 
the position of abduction in these cases may have levered the head foniaid and Icfti 


displaced in a subspinous position The malposition of the head pioduced a failure i'' 
development of the caitilaginous anlage foi that portion of the anteiioi maigin of ll j 
ilium pressed upon b3'^ the head of the femui This demonstrates enviionmental lestnu' 
of giowth McCaiioll and Ciego have lepoited a similar defect in the anteiioi niaigiiU' 
the ilium in then cases of anteiioi dislocation of the hip 

This IS an adaptive enviionmental change, not a piimaiy developmental fault It i 
how evei , analogous to the maldevelopment of the posteiioi supeiioi surface of theacelaln 
him, legaided b3^ man3’- as the resultant of a piimai3'' developmental fault 

Dega, in his caieful stud3'' of the skeletal anatom3^ of 200 foetal hips, noted mark 
similar it3^ in the measuiements of the head and acetabulum This, he felt, demonstrate 
the lecipiocal lelationship between the two stiuctuies He pointed out, hoiieier, thit 
pel feet adaptation of the component parts was piesent onl3’' in one position, — theintr’ 
uteiine position of flexion He was of the opinion that dislocation of the hip iias definite!' 
a consequence of a bad adaptation of the human species to an upright postuie Kegardic 
of this opinion, the anatomical fact lemams that the shape of the socket and the head "cr 
congiuous in then development when noimal, denoting that, in the absence of an cm 
lonmental fault, such a development is the mosaic pattern foi the hip joint Peifect form 
tion of the joint foi this lecipiocal development lequiies peifect adaptation and timir^ 
foi the alteied positions of the components of the hip joint dining rotation of tliehmi ) 


El\IBRYOLOGIC\L SECTIONS 


Through the couites3'^ of the Department of Anatom5'', we have selected a fc" j 
verse sections of the developing hip joints of embr3ms, vai3''ing from 8 to 58 nii i 
These sections illustiate the findings which weie so well piesented bj" Luther 
The authoi has utilized Stia3mr’s woik fieely m inteipieting these sections 

In a transveise section through the lowei limb buds m an 8 5-mdhnieter e 
(Fig 2 ), the neuial tube was at the top The limb bud was in the finlike ,1 

tiuding lateialL’', and consisted of a mass of undifferentiated mesench3'me 
period on, the limb bud develops as an entit3’’, onl3'' the nerves and vessels groMiUe 
the trunk There is no definite evidence of the tiunk sending other constituen 

limb bud jIp ri 

As the embi3m elongates to 14 8 millimeters, the limb bud develops ur i 
ing ventralb^ and less laterall3’- (Fig 3 - A) The constiiction and bend for t le 
apparent The mesench3Tne shapes itself into the outlines of the blastema i 
and the dumbbell-shaped femur is outlined (Fig 3 -B) A hint as to the u p 

hip joint ma 3 '- be obseived at the dense accumulation of mesench3'me - 

tion of the thigh and the external rotation of the limb bud ma3' be no e 
Nerve tissue is present in the popliteal space ^ 

the JOUnVAL OF BONF ANO ^ 
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\t 2") inillinK'li'i"- 
iIk'K' 1 ^ fntlluM K iiti- 
ilion ()1 tlu' liip jdiiiK 
I III' iniminm ilc •'I i ik 
lim'" U(’ ( 1( iih tnilliiii'd 
(Ik’K' I'' 1 ( )(’ Ul\ (lllll'l (Ml- 
Inti'd i((>)d)iilii d(\('I- 
(ijiini'nt ind i loinidcd 
f('ni()i d lie id \ iidiHi'i - 
('iitnlt'd in("'('n( In in il 
lisMio n vtill ini'^i'iil Ik 
Iwoi'ii till' outlim"- of the 
ho 1(1 ind i( ot iliiiliiin 
oonnoohnu tlio two ‘•liin 
liiK ■- wliK li 110 not \ ( t 
'-oj) 11 it('d I li(‘ ( iimil 11 
‘•triKtiiro'' no foimiim 
ind tlioro n oiiI\ o\ i- 
donoo of llio do\ olopinont 
of tlio {ilonoid il liliiiiin 
huillior lotition of tlio 
limh hud IS oh\ loiis 

\ s(>( lion It 2S niilli- 

niclor-' slums nioio ( lo iih tlio < util i^jinoiis n itiiio of the innominate bone and the femur, 
and the lotontion of nunioious colls dioiil tho ho id of the femui (Fig 4) Mesenchymal 
tnmo still uiidifToiontialod, fills tho spue between the acetabulum and the head of the 
feinui \ii eiih ippoiiaiKC' of tho glonoidal libium is suggested in the incieased density 
of the mosoiu h \ 111 d tissue* ibo\(' the head of the femui The two components of the 
‘•tiatu nei \ 0 no ine'cnt just modi d to the lip of the tiocliantei The evteinal lotator 
muscles ire well defined 1 he iniount of ibdiution of the hip has diminished to about 60 
degiees Inasmiuh is (heio is no scpaiation of the head of the femui fiom the acetabulum, 
this must be tho method foi developing the angle of inclination of the neck of the femui 

\s seen iii the 33-millunetei embivo, the foimation of the joint space is completely 
diffei eiitiaf ed thioughout, but ciculv scpaiate in the uppei third The hgamentum teres 
makes its aiipeaiancc at this time, and the glenoidal labium has extensive pi elongation 
o\ ei the held of the femui The capsule has sepaiated fiom the glenoidal labium and is 
attached abo^ o it , the ai tic ulai sui face of the acetabulum is continuous ivith the aiticulai 
maigin of the glenoidal labium The diffeientiation of muscle stiuctuies and neives is 
tlearlv seen Photogiaphs of the embiyo show the continued lotation of the limb buds 
(Figs 5-A and 5-B) 

In a section of a 53-millimetei female, taken at the level of the gieatei tiochantei 
(I'lg G), the hgamentum teies, the tiansveise acetabulai ligament, and the glenoidal 
labium aie shown At this stage the hgamentum teies is attached to the head, the capsule 
IS attached above the glenoidal labium 

In a 58-milhmetei male, theie was maiked lessening of the abduction, and the 
hgamentum teres and its vasculaiity could be seen The importance of the glenoidal 
labium as a “suckei” ligament was obvious in the deepening of the socket Beginning 
ossification of the ilium w'as taking place 

Comment 

These sections leveal the development of the limb bud, and particulaily of all the 
elements of the hip joint fiom the undiffeientiated mesenchymal tissue to a structuie 



1 1 iM •-< I lion ilniniuli I limb Inids in in 8 5-millimeter embiyo 
'■llOW'- IK 111 il tiilx <1 iIk lop 
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Fir 4 

S’clion of 2S-ini!Iini( (( r ( iiihno shows < irtilnginous nature of innominate bone and femur 


lint clospl^ ipsoniblps (ho (lc\ eloped hip joint with all of its lecognizable adult chaiactens- 
tic*! in tile shoit peiiod of giowth fioin .in 8 5-nii!hnietei embi 3 ^o to a 53-inillinietei female 
foetus The hip-joint space was fiist noted in the 33-millimeter embijm in this senes 
Stia'N cr pointed out th il, in si\ einbivos between 36 and 45 millimeteis which he e\aniined, 
development of the joint spate was well undei wa}'' He said it had been suggested that 
factors of muscle inneication and function piobably have some influence on the time of 
opening of the joint sp.icc Eaib matuiation of the neuiomusculai mechanism might 
cause a joint to be opened eailv, while a si owdy developing neuiomusculai apparatus might 
illow the embi to leach a gicatei length befoie this occiuied This constitutes a possible 
determining time factoi which maj’’ altei the iigid mosaic of the intrinsic design 

One must be impiessed b^^ the oideilj^ development of this undiffeientiated mesenchj''- 
mal mass into the predetei mined stiuctuial design of the matuie chaiacteiistics of the 
hip joint The intiinsic mosaic pattern foi development in a noimal envnonment is 
illustiated (Fig 7) Can there be an mheiited failuie of development of the posteiioi 
supenoi boidei of the acetabulum in such a developmental C 3 '^cle, indicating that all of 
the elements of the hip joint aie diffeientiated in situ fiom one mass of mesodeim 
Such a concept seems inci edible 

lnvironmental theori 

Hereditar 3 r factors and envnonmental factoi s, such as geogiaph 3 " and nutrition, 
may w^ell alter the noimal late of giowdh and inteifeie with chionological development 
by delay oi stimulation of growth Delay m mneivation of the muscles oi in lotation of 
the limb buds at a peiiod of lapid growth may produce an alteiation m the deepening 
of the socket and changes m the head and neck of the femiii The adaptive yaiiations to 
the stimulus of pressuie and abnoimal positions of the constituent paits of the hip joint, 
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Sctioii of i iS-inillmu t< r fi m ili < inhrjo, I iKcn it tliL kvtl of the greater tiochantei 


iccogmzod 1)1 cliiiKians m (he postnatal chuiget>, can ceitainly occui ivith even moie 
maikcd altci itions in a ‘'hoitci peiiod of time in the eailj’’ pienatal phase Why do we 
‘itiepf (he postnal il di inges m congenital dislocation of the hip as adaptive to malposi- 
tion, and ^e( fail (o lecognwe the potcntnlities of envii onmental oi adaptive changes 
I a u(cro? 

Can it he ‘-aid in one bieatli, as Mink Jansen and niimeious of his followeis have 
icpoitcd, til it the fl it soikct is piiniaiily the developmental fault, and in the next bieath 
(hat (he changes m (he fcmiii aie secondaiy adaptive changes'^ Is it not moie leasonable 
to assume in i stun (me of component paits, such as the hip joint, conjugated fiom a 
single ma‘-s into its mtegial pai ts, that the fault lies not in a hei editary failuie of one pait, 
but m an inteifeience m the oideily time development of lecipiocal paits aftei the forma- 
tion of the joint cavity^ It seems moie logical to anticipate changes from extimsic factois 
in both the acetabulai stiuctuies and the femui, on the basis of a secondaiy adaptive fault 
fiom an alteiation m the noimal timing of development A delay in position, even of shoit 
duiation, might well altei the noimal dynamic leaiiangement of the component parts, so 
that noimal development is mteifeied with to the extent of lecipiocal changes m the hip 
•’tiiictuies These may well be manifested by a shallow socket, enlaigement of the head to 
iccommodate it, inci eased anteveision, and even subluxation This w ould account logically 
foi all of the lecogmzed defoimities noted in congenital dislocation of the hip 

The Glcnoidal Labium 

K IS, of com so, an anatomical fact that the acetabulum and its maigins aie entiiely 
'iitiliginoiis at the time of Initli The depth of the (me acetabulum is gieatly mci eased 
hii mg pienatal life by the fibi ocai tilagmous stiuctuie called vaiiously the limbus, the 
otyloid ligament, and the glenoidal labium This ligament aids in enveloping the head of 
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Fig 7 

Development of the normal hip joint Graphic attempt to illustrate the reciprocal development of tlie 
head of the femur and the acetabulum, as the limb buds alter their lateial position to one of paralleli‘;ni 
The torsion of the femur, the change of position of the ilium, and the increasing anteiior obliquiti of 
the acetabulum produce an increasing anteversion of the diaph 3 'seal junction from 0 degiees at three 
months to 35 degrees at biith The acetabulum steadil 3 ’^ deepens and the head, properl 3 ^ fitting tlu 
socket at all stages of rotation, is s 3 TOmeti icall 3 ' developed for the socket 


the femui Seveiin developed an excellent illustiation fiom a loentgenogiam, demonstiat- 
ing the size and impoitance of the glenoidal labrtim in the newboin, by painting ttitli an 
opaque substance the dissected edge of the limbus No one has mentioned any piiman 
deficiency of the limbus, and yet it is an early embiyonic development of obvious impor 
tance m inci easing the depth of the socket and thereby maintaining stability of the femoral 
head v ithin the socket 

Seveiin-^ also desciibed how Fabei demonstiated in normal hip joints, by opaque 
media aithiogiams taken aftei biith, that the cartilaginous acetabulum and linibii" 
coveied at least half of the femoial head The noimal head is spheiical in shape 

In subluxation, a teim which we believe to be sjmonj’^mous with dysplasia of the 
hip, the limbus is displaced upwaid, coveiing less of the head but still lemaining aboie flic 
head, which is between the limbus and the socket The head is displaced lateially, "id' 
appaient coxa valga, in Seveiin’s illustiations This malposition is the lesult of antei eraion 
and not of coxa 3mlga, as can leadily be pioa'^ed bj'- loentgenogiams taken with the loi'cr 
extremit 3 ’- in internal lotation In tiue dislocation, the limbus lies betw^een the head an< 
the acetabulum Seveim stated that the head glides past the glenoidal labuira "hic 
because of its elasticit}’-, i etui ns to its position below^ the displaced head of the femur 
An impoitant lepoit was made bj’’ di Piampeio, based on a roentgen ogiaphic stiu 
of 200 patients w ith unilateial dislocation, to deteimine the piincipal chaiacteristics of 
so-called healtln' side Subluxation oi da'^splasia of the hip was found in 108 cases, s^^^^ 
noimal hips in 41, and noimal hips in onty 51 cases Eighty pei cent of the so ca 
noimal hips showed pathological changes Di Piampeio behe3’’ed this parallelism 
deformitj^ demonstrated that the aiticular impeifection is not located in the hip, 
the pehus as a whole and in the individual himself With this obsei vation the author i 
full accord , 

Vaiious obsei veis ha3e demonstiated loentgenogiaphic methods of 
abnormalities in the i er 3 ' jmung infant, leading to oi suggesting the possibiht} 
development of so-called acetabulai dj^splasia or congenital dislocation of the mp j 
measurements, namely, WibeTs lines, the acetabular index of Kleinberg, the ^ 

Shenton’s line, all tend to demonstiate Putti’s triad for so-called preluxation o > 

This consists in 
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Fig 8 

I)( \( lopnu n( of (oiiKLiiil il dislocation of the hip and acetabulai 
d\s|ilasi 1 hcli( iiiatic conceiit to illustiatc abnoimal alteration in 
\ irious fo( t il IRIS fioni the 33-niilhmeter foetus to the matuied 
inf lilt 

Tliirt\-iiiillini( tei foetus shows no lotation or torsion of femui 
iiid no iiit(.\( rsion Oldci foetus shows anteveision of 30 degiees, 
wliidi inert ISIS in tinit to 65 degiies The fiontal obliquity of 
till intibuluni, plus the 65 degrees of anteveision, turns the 
Iliad aiitiiioih awaj from the socket The stimulus of contact 
md prissiiri , to proilui i norm d di i jii ning of tlit socket and tht iccipiocal shapes of the socket and the 
lit id of till fiiiiur, is licking Hit lit id iiid iitck, pointing forward, may lest agamst the posterior 
c^irtil igiiioiis bordi r of tin socket and pioduct Inpophsn llic head may then become spontaneously 
displuid posttriorh 

If, howitir, the dtla\ in tin projiir timing of the rotation of the head into the socket is minimal 
or less proloiigtd is grow th continues, inttvtrsion with a malshaped head and a flat socket may develop 
without the dtiiioiistr ition of i tiiii ilislot it ion, but rather with changes from mild to seveie acetabulai 
(hspl LSI I These in id iptivi ehangi s to a loss of the noimal chronological fit of the head and socket, 
during the process of idapt itioii to parillelism of the limbs 



eliilal ftmuy 
/ 


ttctie>i fhrouqh head 
and »-rcotcr trothonftr 


1 An inci eased distance between the uppei femoial epiph 3 '-sis and the acetabulai 
flooi, — that IS, laleial displacement, 

2 Hji-poplasia of the bonj^ nucleus foi the epiphysis of the head, 

3 Inci eased angulation of the acetabulai loof 

These changes aie not evidence of a piimaiy flat socket oi of primary hip dysplasia 
All can be pioduced by adaptive changes The anteveision of the head and neck of the 
femui can be demonstiated by collection of the lelationship thiough mteinal lotation 
and abduction onlj'' How can one ignoie the lecipiocal changes m the head and neck in 
these young infants, oi call them secondaiy- changes, when they aie as maiked a part of 
the defoimitj' as is the acetabulai change‘s Convention and habit may be the chief leason 
The authoi believes that both defoimities aie lecipiocal faults, secondaiy to a develop- 
mental erroi, possibly both heieditaij'’ and envii onmental in charactei They aie not 
hereditary in the sense of a gene wdiich fails to develop a pait of the acetabulum, but 
rathei a hereditaiy quality of inteifeience of the timely development of the mtiinsic 
mosaic pattern, pioducmg envii onmental extiinsic faulty development wdiich leads to the 
abnoimahty This is entiiely consistent wuth the known facts of embryological jcmii 
I development In what other joint foimation has theie been a failuie of development fiom 
a primary developmental fault of pait of a stiuctuie"^ One cannot compaie the failuie of 
approximation of sepaiate components, such as is seen in lachischisis of the spine oi clef*^ 
palate, wnth a stiuctuie oiigmating as a single mesenchj’'mal mass, differentiating 
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nalh as a continuous stiuctuie ulnch sepaiates into its conjugate paits afici a Tiowth of 
the foetus to 30 millimeteis 

AiUcvci Sion 

Some obseiveis, including Fan bank, den3^ the fiequenc}^ of anteieision in hip 
dj^splasia and dislocations, possiblj’- because of a faulty concept of nheie antcicrnor 
occuis Anteveision occuis piimaiilj’- m the diaphj’-sis belon the uppei epi pin seal Imp 
The head and neck maj’- be in noimal i elation uith the tiochanteis and yet antei oiled m 
1 elation to the shaft, oi, piobablj'- moie accuiateljq toision of the shaft is inci eased 
Ante! eision can occui mth letioveision of the head In fact, letioveision of the head mu 
be a compensatoiy mechanism foi anteveision Most clinicians feel, hovevei, that ante 
^elSlon IS a common accompaniment of hip d3’-splasias 

Muik Jansen stated “In congenital dislocation of the hip, anteveision of the femoral 
neck IS a constant phenomenon” He attiibuted this to a piimaiy flattening or 
videnmg of the socket Tubby, Hibbs, Kiida, and others ha\e emphasized that ante- 
\ eision of the neck is a frequent complication of congenital dislocation, usually a secondar\ 
phenomenon Watkins stated that Lange had contended the head of the femiii “onginalh 
left the acetabulum b3’- the anterior route” He stated that the for ward twist of the head 
and neck on the shaft was apparent in all cases of congenital dislocation in wliicli tlio 
patient had walked 

The authoi has pieiuousl3'' stressed that anteveision is not a secondaiy adaplno , 
change, but is lathei an mtegial lecipiocal defoimit3q lesulting and developing con 
cuiientl3’’ with the changes m the socket, the one dependent upon the other foi theexinn 
sic 01 enviionmental factois necessai3'- for the d3'-namic development of the hip joint 
The loentgenogiaphic evidence of an apparent coxa valga is proved faulty when loentgeno 
giams are taken with the lower extremities in internal rotation The angle of inclinahoi 
will be found to approximate the normal, demonstrating that coxa valga itself larch 
occuis, but anteveision rotates the head and neck outward, pioducing this false orap 
parent coxa xalga 

Similail3q we haxe mentioned that Putti’s tiiad is evidence piimaiity of antexertion 
and not of tiue displacement Internal rotation associated with abduction will show i 
normal angle of inclination, and the epiph3'^sis is proper 13'’ replaced in its relation to tiif' 
acetabulum 


CONCLUSIONS 

From the facts presented, it would seem logical to conclude that the etiologi f 
congenital dislocation of the hip is a developmental fault of the hip S3’^stem piodiited " 
extrinsic factois — growth ciicumstances — with a combination of heieditaiv and cr 
vironmental faults which alter the noimal giow th potential oi the mtiinsic mosaic patter’' 
Congenital dislocation and congenital d3'^splasia aie developmental defoiraities product 
b3^ seeondai3^ adaptive changes Iiiheiited chaiacteiistics and enviionmental factors ruJ 
alter the mtiinsic mosaic pattern b3'^ a fault3'- timing in development Patten state- 
"local ox ei growth ma3" be lesponsible for certain anomalies, just as local airests nia' 
responsible foi others ” | 

Oui concept of congenital d3splasia of the hip and congenital dislocation ' 
through a dex elopmental fault, the acetabulum has failed to deepen and the head ^ j 
of the femui hax’e beeome antexeited The antexersion tends to trim the heae or 
displacing the cartilaginous sphere laterall3’-, so that the glenoidal labium 
cover 


and acet ib'il' 

less of the head than usual The pooi adaptation of the head and aceta ^ 

tmues d3-namically to lequiie altered growth changes, altering the ! 

tern These growth changes aie manifested in subluxation or acetabular 
pushmg upward of the glenoidal labium, xxidening of the socket, and enlargeme 


D joint 


THE JOURNAL OF BONT AN 



( ()N(.1 M I' \Iy DISI ()( \ I i()-v OP 'j'lii, iijp 


355 


luM(l (Ki}; S) If llu' lu'ul ('St.ipi's (oniplotolv p.iM Ihc edge of the glenoiclal labium, a tuie 
(Iishx ilion lesuKs I'he glenoid il 1 ihnim, iinobsl i lu ted, lefuins by its elasticity to its 
pio)>ei iiosition, King lietween the held ind the .uetalnihim The head of the dislocated 
hip no longei h is tin stimulus foi o\eigio\\th seen m the subluxalion, so that it lemams 
sm ill ind lound, ilthough becoming flattenc'd on the side if m contact with the ilium 

'Phis mechinism is in comiilete iccoid with the pathological findings in early post- 
ii'it il hi]) (hspl vsias, demonsti ited by iithiogiams and by opeiative findings It is to be 
lemembeied that inte\eision occuis bedow the tiodianteis and actually is associated 
with tension of the femoi d sh ift 

It would sooin 1 logic d Inpothesis that the lotation of the limb buds may be an 
impoitint fictoi in the ibnoiinil development Piesumably theie must be an adaptive 
dtei ition in the ch inge of position, fiom the oiigin of the hip joint in the fiist few' w'eeks 
of embnonic life to the *10 clegiees of lotation and adduction of the hip m the second 
foul weeks of life Inteifeience with the oideil}' timing of this lotation — the embiyo 
being held in i position oxeilong foi e\eu a shoit time — could pioduce a failure, mild or 
se\eie in the iiiti iiisu mosaic design Plie alteied enviionment could pioduce the adaptive 
feituies which iie seem in <dl the stiiic tines of the hip joint, and not a piimaiy change m 
the icetabulum done 

These studies le id to the follow ing hypothesis Congenital dislocation and congenital 
chsplasii of the liip mn be legaided as the lesult of faulty development, due to en- 
Mronment il f utois extiiiisu to the hip joint An inheiited fault in the timing of develop- 
ment mn pioduce these extiinsic changes The loss of the noimal dynamic recipiocal 
lelatioiiship of the c omponent paits of the hip joint duiing the stage of lotational adjust- 
ment of the limb buds ma\ pi oduce the secondaij' adaptive changes ivhich lead to acetabu- 
lar dyspl isi I 01 congenital dislocation Heicdity can plaj' an impoitant pait m altering 
the giowth ind tune factois The known embi3'ological development of the hip joint is 
certainh opposed to the thcoiy of a piimaiy mheiited failure of development of a portion 
of the acetabulum 
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CONGENITAL DYRPIA81A OF THE HIP JOINT 
Hi i>\i lON'^inr iiiTNMiN CojNgimial iSiuir ii\ vrioN and Congenital Dislocation* 

in M K\ON I iniu, M 1 ) , MINNI APOLIS, MINNESOTA 
/ row (he Uunemt}/ nf \fiuuetota A fedteal School, Ahnneapohs 

Since congcnil'il bubhixation of the hip as an entity has not been fully consideied 
befoie this \e ulenn , oi included as such in the chapters on congenital dislocation of the 
hip in Anieiic ui te\tliooks, the authoi believes that the lelationship between subluxation 
iiid dislocation desei ves spcci il attention Leading Euiopean schools recognize tins lela- 
tionslnji Ye will gain a iiioie complete concept of the pioblems of congenital dysplasia 
of the hip joint with dislocition if we, too, accept and teach the pathogenesis of sub- 
lux'ition 

If, dining eiiibn onu oi foetal life, a flat and shallow socket foims oi a piimaiy dys- 
phsn of the icet ibuluni occuis because of genetic and biomechanical influences, eithei 
ilone or in combination, ti\e possibilities exist foi subsequent giowTh of the hip joint 
I'lrst, there m n be complete displacement between the femoral head and the maldevel- 
oped icet ibuluni with clinical, loentgenogiaphic, and pathological findings of classical 
posterior dislocation oi supeiioi dislocation of the hip Second, the displacement between 
the femoral head ind the flat socket may be incomplete, but alwa 3 ’^s mth some contact of 
the articul ir suif ices of the Iiead, socket, and limbus, and wathout capsulai inteiposition 
This condition, known as congenital subluxation, is also a distinct clinical, roentgeno- 
graphic, and pathological entity It is now an established fact that congemtal subluxation 
of the hip, which was thought to be onlj’- a piecuisoi of the classical dislocation, may 
remain throughout life as a peimanent and eventually a disablmg defoimity Third, theie 
maj' be no displacement between the femoial head and the shallow^ dysplastic acetabulum 
This condition also may bo a definite clinical entity and lemain as such throughout life 
(Fig 1) 

These tliioe hip-jomt entities, theiefoie, aie identical in their etiology, but diffei in 
then clinical and roentgenogiaphic manifestations Theie is also a fouith and lare entity, 
associated with extreme dysplasia, shortening of the shaft of the femui, and irieparable 
malfoimations of all structures of the hip joint All four entities aie definite clinical ex- 
pressions of congenital dj'^splasia of the hip joint and have a common etiology 

Fifth, the dysplastic hip, wath no tieatment, may return to normal during eithei 
mtra-uteime life or early infancy, as a lesult of the laie phenomenon of spontaneous 
lecover^’- (Figs 2-A and 2-B) 

If it IS tiue that congenital dysplasia of the hip is ahvays bilateial during embiyomc 
01 eaily foetal life, then unilateial postnatal dysplasia of the hip, with oi wathout dis- 
placement of the femoial head, must denote spontaneous healing of the opposite, ap- 
parently noimal hip joint If all dysplastic hips possessed the full capacity for spon- 
taneous lecovery, congenital subluxation and dislocation wmuld never become seiious 
pioblems No one knows the potential capacity of the structures of the dysplastic hip to 
leturn, paitially or completely, to noimal The growdh capabihties of the tissues may be 
temporarily oi peimanently inhibited, wath var 3 '^mg degiees of malfoimation YTiether 
the inherent capability foi lecovery is feeble oi abundant, it is axiomatic that age is the 
most impoitant factor m influencing the results of treatment of congenital dysplasia of the 
hip A favorable mechanical and functional position, obtained by treatment during the 
period of infancy befoie w'eight-beaimg, not only enhances the potential growth pow-er of 

* Read at the Annual Meeting of The \mencan Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 27, 1948 
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the maldeveloped hip joint, but also prevents secondai}^ pathological changes Duriiii 
this age period, d3^splasia of the hip vnth subluxation is common, vith dislocation, lare 
The purpose of this studj"- is, fiist, to focus attention on congenital siibluxation, mIhcI 
is frequentlj^ unrecognized as a distinct entitj’- and often coexists vnth classical dislocatioi 
of the opposite hip, and, second, to establish the common etiologj'’ of the tv o conditions 
To prevent confusion, one must undeistand that all congenital dislocations am 
subluxations are not the lesult of piimary dj’-splasia oi maldevelopment of the acetabulum 
Spma bifida vnth paialj’-sis of an extremity, intia-uterme flexion-adduction of the hip in 
breech postuie vnth the foot placed ovei the shoulder, mtia-uterme chondio-ostcodis 
trophj’-, and mtia-uteime muscular d^'^stiophies vnth degenerative fibrosis and contrac 
tuies of muscles, as seen m mjmdystiophia foetalis oi aithrogij'-posis multiplex congenita 
maj'- cause displacement of the femoral head from the acetabulum 

Congemtal subluxation should not be confused mth residual subluxation In con 
genital subluxation, the hip has at no time been dislocated Residual subluxation is a par 
tial redisplacement of the femoral head, subsequent to closed oi open reduction of a db 
location 01 to failuie to obtam complete reduction Residual subluxation of some degree 
occurs m the great majority of dislocated hips after reduction 

One IS not justified m attemptmg to explam all congenital displacements of the hip 
on the basis of a smgle mechanism There are several causes of congenital dislocation and 
subluxation before biith, just as there are several causes of hip-jomt displacement after 
birth In this paper, the discussion is limited to the displacement of the hip joint vhicli b 



Fig 1 


Bilateral flat dysplastic socket vatli practicallj no upward displacement Each femord ,, 
ened m its transverse diameter and is uregular (co\a magna) The patient is nov m emly 
has no disabihty except fatigue m the hip and low back after str^uous excrete tyn 

arthntis will graduallj develop because of the hip-jomt mcongmity Osteochondntis , [opmg 

observed as one of the djsplastic sequelae in this t^e of hip malformation, and probabn 
m this case 


VT 

THE JOURNAL OF BONE AND JOI 



359 





? C (D 

e « 

5-“ e 

iUpiJ c ^ 

y if S o 

c3 S c-c 

^ ? C -fc^ 

:S ^ 2 S 

3 


s 

O 


c 

o 

c 

0) 

S 

o 

3 

o 

.3 

D. 


X! 

cj 

O 


O 

X 


3 

c5 


2"l| 

•I "^-3 

3 3 ^ 

3— o 
3 2-3 c3 

2 oS'a 
-5‘3'3 o o 

S S-fi 

-fttg °^2 >. 

^■o2S 3^ 

3 £P g § 
te o .g— 3 3 

o 3 3 2 ” 

■3 g 3 O 3 3 

^ g^-S,s “ 

^ ^ o3 O ^ G 
o 

e 


§ tSg g 

=5*95" 3 

, n CL-i-s jS *-' t-i 

"d “ o 333_g 5 

-ij ids'll 

^ 3.3; c3 

3 _c5 ^ _3 

U O *3-^ 4* 43_3 

alllii s 

^ I “ 3-3 c!5 
? 2 S - 

d-3 s'S-® tiff 


?> 3 2 5R s-^fa 
o "a -« S _ g . 

Js ^ i>< rs C jS X 

3 w o I* o ^ £ 
® .3 -■» w <y u- •*^ 

i3-3 o3[£ 
;: o.>^ “ o3 3 

■“■^ 3 S 

OTJ <y ° 

-n 3 

c3 o"C5 

£ S 

? c3 O > 






iO. 


-O 

o 


C O 
<1^ 

C c^ 
o -f 


3 Cj 

^ F* C5 ^ 3 

2 §2“ a'o o 

£— . >1 2 
_ o 3 -s-a >- 

5-S S 2 

gjs g 

3 '*^ 22 

3 ,/• 3 5 

FH O ' — O O ^ 

,— _i^ D, ^ CJ F>^ 

3-g S' o-G S-r 

a §3:^ 3 § ^ 

3 

^03 

3 

3-4^0 

- S 

•* o ^ 

* o 


6h c 

3^05 


o 


_ - 3 rt S 

--3 0-3 
g S & 3 
^ O w G 

o ^os: 




3f-^ ^ Fi 
tJ3^ O tJD £ 

3 F- ^ 


S-a 


3 2d c:-^^ ~ 

s-ij^gg 

K 2 s^ o " r 

O Cj £p 3 fcc 
I S ^ 33 02 u 

M>2 2^ tJD ^ ^ 
•*^ SCs< gH o 
oO .3 3 


360 


V L HAHT 



Fig 3 

Classical congenital dislocation of the light hip and congenital sublu\ation with co\a plana of 
the left hip Neithei hip joint had been treated The irregulai and delayed calcification of the 
femoral head may be an expiession of epiphyseal dysplasia 



Fig 4 


Congenital subluvation of right hip joint with evidence of cova plana or cpiphjse^^ 
This child had ne\er been treated The patient's aunt had congenital dislocation of tti 
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Fig 5 

This patient, twentj-four jcais of age, liad had no trouble with the right hip until two weeks before 
examination, when she strained it while bowling Obsei-vc the primary flat socket with secondary sub- 
luxation and early tiaumatic osteo-arthritis of the light hip, and classical dislocation of the left hip 
joint The dislocated left lup is painless, the subluxated right hip is painful The patient’s hip jomts had 
never been treated This patient’s motliei has congenital subluxation of one hip with extensive osteo- 
arthritis 

The characteristic forms of the subluxated and the dislocated femoial heads may be seen In subluxa- 
tioii the held is hj pcitrophied It is widened in its transverse axis and flattened in its vertical axis It 
maj represent the adult stage of coxa magna oi 1 ite dcfoimitj of epiphyseal dysplasia In dislocation the 
femoral he id is small and atrophied 

caused by an osseous and caitilagmous defect, or by aplasia of the supeiioi and posteiioi 
supports 01 buttress foi the head of the femui The author believes that this defect has a 
genetic or biomechanical etiology, oi a combination of the two, and that it is a constant 
piimary malfoimation m congenital dysplasia of the hip Primary dysplastic featuies 
are not limited to the acetabulum, but maj^ involve all mesodermal structuies of the hip 
joint The many secondaij'^ pathological featuies oi dysplastic sequelae which develop 
giadually dm mg a peiiod of months oi xmais ma 3 ’^ be explained on the basis of laws of 
bone growth, aseptic neciosis of bone and caitilage, and tiaumatic osteo-aithiitis 

For manj"^ J’eais, physicians have been inteiested m explaining the form and structuie 
of the normal and the abnormal hip joint Keith wrote that, m 1838, Mi F 0 Waid, who 
demonstrated anatomy at King’s College, London, explained for the first time the aichi- 
tecture of the femoral head and neck He compaied the tw'o groups of bone trabeculae in 
the femoral neck wuth a triangular bracket supporting a street lamp, the ascending sup- 
ports being subjected to piessure and the horizontal supports to tension The architecture 
of the femoral neck is a perfect mathematical design for the transference of weight Keith 
states “Huntei discovered that the elaborate aichitecture of the neck w^as being con- 
tinually lemodelled fiom infancy to adult life, without such lemodellmg, the femoial 
shaft could not grow ” A study of the head and neck of the femui gave AVolff the key to 
his law" of bone tiansfoimation, w"hich he expiessed in 1885 

The shape and foim of noimal and abnormal hip joints have been investigated by 
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Fig 6-A 

In addition to the characteristic features of primary hip dysplasia ^th 
roof, secondary changes of subluxation and traumatic osteo-artlmtis to „pt,pnt’s symptoms 
sclerosis, cystic rarefaction, and double a.cetabular j Uy cons^atn c 

began at the age of forty She was totally disabled for work and was not re 7 , dvsplasia 

measures The hip was treated by arthrodesis Her sister is disabled TOth bilateral hip dysplasia 

and dislocations 


many physicians ovei the yeais Keith has stated that the osteoblasts, , 

static and djmamic foices, aie the engineers of the hip joint and do then tior acc 
to exact mathematical laws A study of the pathogenesis of congenita su uxc 
congenital dislocation of the hip joint from the foetus thiough adult life exp ains m 
the interesting phenomena of bone and cartilage giowth j 

Evidence to support the common etiological lelationship between su uxa 

dislocation is available from many souices 


1 The Literatw e ^ 

For many j'-eais, physicians believed that subluxation was f alwajs 

location, and that a subluxation nevei remained stationaiy throug ou i e, 

pi ogiessed to complete displacement Accoi ding to Wibeig, the term su ^ 

intioduced by Paletta in 1775, on the basis of autopsy findings ,,rotc 

distinction between complete and incomplete dislocation m 1842 v ayie, l,„t 

“The real difficulty m this condition, which has been termed congeni ^ 
which I prefer to call congenital misplacement, consists m the The 

tabulum, namely, a non-fusion of the three bones which enter m o i open- 

cavity of the acetabulum being incomplete, the head of the fern 

mg left and is found upon the doisum of the ilium Accoi di g » hndmgs I'as 

hcation of a case of subluxation on the basis of clinical and loentgenogi ^ijiuxation 

b^^nker .n 1897 W.be.g also stated that Hoffa and ^o. ens beheved Mut 

was a tiansitional stage, and that *sl°“t;°n would alw^ 

bear weight As late as 1937, Albee stated The dislocation 3 ^ 

the joubval of bove avd JOLVr - 
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Fig 6-B 

Roentgcnographic stud} of a liousow ife, forty-six years of age Pain started in the left hip at 
the age of tiientj-fivo, m the right hip, at the age of thirty-one She continues with her work and 
does not use a cane or crutch Pam and disability of the left hip are increasing gradually The pa- 
tient’s brother has congenital dislocation of both hips 
The pnmary djsplastic features involve both acetabula, which are flat and inadequate The 
secondary pathological changes of subluxation, malformation or coxa magna of the femoral heads, 
and traumatic osteo-arthntis, n Inch is extensive on the left side, may be noted Shenton’s line is 
disturbed on each side (See Fig 10 ) 

The latter, m xvhich the head is not entirely out of the acetabulum, is only a step m the 
process ” 

Albeit Freiberg, in 1904, published the fiist and one of the most valuable studies in 
this countrj’’ of congenital subluxation of the hip m infancy The first demonstration 
that subluxation could lemain duung life as a definite and disabling entity was made by 
Gourdon in 1906 Gradually moie and moie surgeons reported their clinical experiences 
and belief that subluxation was not only the forerunner of dislocation, but that it fre- 
quently remained as a stationary defoimity and a disease entity The monumental work 
of Putti firmly established subluxation as a distinct clinical, pathological, and roent- 
genographic entitj'- He pointed out that recognition of subluxation and its treatment m 
the infant, befoie v eight-bearing begins, is “the only secret that can improve the results 
of the treatment of congenital dislocation of the hip” (Figs 8-A and 8-B) 

Howoith and Smith, m 1931, reported a detailed study of seventy-two congenital 
dislocations treated by open operation They stated “Seven per cent of the hips were 
only subluxated and ninety-three per cent were completely dislocated” Gill, m his 
many excellent contributions on congenital dislocation of the hip, has described the mor- 
bid anatomy of congenital subluxation and the surgical treatment by acetabular {re- 
construction 

In 1932, Colonna published his method of arthioplasty for congenital dislocation and 
subluxation Since then he has made careful follow-up studies, a report of the end results 
was published in 1947 Colonna’s two-stage procedure for obtaining functional hips m 
children under eight years is an important contribution 
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Joseph Freibeig, m 1934, wTote a very instructive papei on the early recognition and 
treatment of dislocation, in which he stated “Up to 6 months of age, and sometimes 
until the walking period, the dislocated femoral head lies lateral to the acetabulum and 
level with the supeiioi margin of the acetabulum” McCarroll and Ciego, in 1939, stated 
“Three distinct tj’^pes of congenital dislocation can be cleail}^ lecogmzed and differen- 
tiated The first of these is the classic posteiior dislocation The second t3’’pe consists 

meiely of an upvaid sublu\ation The thud type of dislocation is that which exists 

m a tiue anterior position ” (This is actiialty a superioi dislocation vith anteversion 
of the neck) In 1939, Wibeig wiote an excellent leview of the histoij'- of subluxation 
Rj'-eison, m 1941, desciibed his shelf opeiation for “congenital subluxation of the hip” 
and other conditions with instability of the hip joint Ponseti, m 1944, classified fi\e 
types of congenital dislocation of the hip, one of which he desciibed as follows “The 
subluxation, wheie, m spite of a shallow acetabulum and upwaid displacement of the 
head of the femur, a complete dislocation never occuis” 

2 Cluneal Histoi les 

It has been obseived fiequently that congenital dislocation of the hip, coxa plana 
coxa valga, subluxation, coxa magna, and malum coxae senilis ma}’- affect vaiious membeiu 
of the same famity The paient of a child with dislocation may have aithritis deformans 
of one or both hip joints The author has seen seveial children with Legg-Peithes disease 
01 coxa plana, v hose aunt, uncle, or other relative had dislocation of the hip He has also 
seen sexmial childien with classical dislocation of one hip and coxa plana oi epiphj'^seal 
di'^splasia involving the “healthy” hip Jansen, m 1923, lefeiied to coxa plana as the 
“satellite” of congenital dislocation of the hip (Figs 3 and 4) It is not uncommon to sec 
an adult with a painless untreated congenital dislocation of one hip and a painful sub- 
luxation of the opposite hip which, for yeais, had been considered noimal, until an acute 
stiam or tiaumatic osteo-arthritis developed (Fig 5) A frequent expeiience is to observe 
a patient vith congenital subluxation, xvho has a lelative with congenital dislocation 
(Figs 6-A and 6-B) It is little wonder that man3'’ viiteis have consideied a heieditan 
etiolog3' foi these vaiious diseases of the hip joint Not until 1937, hovevei, iias a tiuh 
scientific stud3’' made b3'’ Fabei to determine then heieditai3’' natuie 

3 Chmeal and Roentgenogi aphic Examinations 

It is unusual to obserx'^e d3''splasia of the hip xvith some degiee of displacement or 
subluxation in a child, unless the child is under tieatment foi dislocation of the opposite 
hip Theie aie no subjectn'’e s3'^mptoms or objectix'’e clinical findings during infancy m 
hip-jomt d3’^splasia vithout displacement of the femoial head However, dysplasia x'lth 
subluxation, xxhich is often the piecuisoi of dislocation, can be lecognized in the infant 
(Figs 7-A and 7-B) oi latei, aftei the child begins weigh t-beai mg, as a dislocation or as 
a pronounced subluxation The displacement must be considered a subluxation as long a"; 
some contact remains between the femoral head and the aiticulai surface of the d3''splastit 
and inadequate acetabulum Waldenstrom stated “By subluxatio coxae congenita "c 
undeistand a condition vhich ma3’' be best chaiacterised b3'^ the words ‘on the x'aj u 
luxation’ ” Dislocation occurs when the displacement increases and there is no contac 
of articular surfaces of femoral head and sloping socket 

The infant w ith subluxation presents well-known clinical and roentgenograp 
changes b3'’ which the condition ma3’- be diagnosed In every instance these signs 
demonstrated before the fourth month of life or befoie the appearance of the epip 
nucleus of the femoral head These infants’ hips xull eithei progiess to disloca ion 
remain in severe subluxation without treatment, unless spontaneous recovery 

At a later age durmg childhood, because the child complains of hip fatigue, pain, 
limp after exertion, d3"splasia of the hip with coxa plana or aseptic necrosis o t le em 
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Fig 7- V Si\-\\cek-old male infant \Mth congenital sublu\ation of the right hip joint Clmical exami- 
nation demonstrated marked limitation of abduction of the hip because of adductor contractures, slight 
shortening, and asj mmctrj of the thigh folds and creases There is delayed ossification of the ischiopubic 
juncture on the right 

Fig 7-B Roentgtnogiam four and one-half months latei, no treatment havmg been given The clini- 
cil findings have not cliangcd The locntgenographic features of congenital dysplasia of the right hip 
with subluxation are obvious Observe (1) the flat and inadequate socket with sloping acetabular roof, 
(2) dela^cd development of the centei of ossification of the femoral head, (3) delayed closure of the right 
Ischiopubic juncture, (4) slight upward and lateral displacement of the femoral head from the socket, 
(5) position of adduction of the right lowti cxtrcmitj' because of adductor contractures, and (C) the dis- 
turbtd bhenton line (Diaw the Y line [Hilgcnreiner] and the vertical line [Perkins] to form the quadrants 
and observe tin relationship of the nucleus of each femoral head to these lines and the quadrants ) 



Fig 8- a Fig 8-B 

Fig 8-A Abduction pillow splint which Piofessor Frejka, of Czechoslovakia, demonstrated before 
the Annual Meeting of The Ameiican Academy of Orthopaedic Surgeons in 1947 Complete abduction 
and complete i eduction are gradually accomplished by the contmuous pressure of a pdlow, filled with 
dow n or kapok, w Inch is placed between the tw o layers of the splint Medium-w eight cotton twill or 
mattress ticking is the best material for making the splint Soiling is prevented by placing waterproof 
material betw'een splint and diapers The splint is efficient and mexpensive, and provides active mstead 
of passive immobilization The active muscular function which is permitted in this splmt prevents 
atrophy, contractures, and adhesions Certainly the physiological stimuli of normal pressure and motion 
must enhance the potential capacity for reformmg the flat and dysplastic socket, m accordance with the 
law s of bone growth 

Fig 8-B Back view of the Frejka splmt Standmg and walking are encouraged at the proper 
time 
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Fig 9 

Note the characteristic features of piimary dysplasia of the acetabulum (Calot’s half-oitron 
socket) There is physiological adaptive sclerosis of the acetabular roof or very early osteo-artnriiis 
Note the disturbance of Shenton’s line The patient, a young woman, complamed of hip latigue 
and a mild limp v hen tired Symptoms i\ ere completely relieved by rest and change of occupation 
The opposite hip is normal The patient’s sister is disabled by a Hip dislocation 


head may be found (Figs 3 and 4) During late adolescence and eaily adult life a dysplastic 
liip IS frequently obseived, because of attacks of hip pain with limp and atrophy ° ^ ® 
thigh Theie may be no limitation of hip motion or shortening of the extiemity O^y J 
1 oentgenographic studies is the dysplastic flat, citron-shaped socket recognized (Figs 
and 10) The earliest finding of ogteo-aithritis — increased sclerosis of the weight-bearing 
portion of the acetabulum — may be found at this time, m addition to the piimarj'’ features 
of hip-]omt d 3 ’-splasia with slight oi pronounced subluxation . 

In middle life, advanced osteo-aithritis may develop secondary to subluxation, an( 
cause serious disability (Figs 6-A and 6-B) 


4 Roentgenogi apliic Studies of the “Noimal” Hip in Patients with Unilateral Classi 
Dislocation 

The most convincing evidence of relationship between subluxation and 
found m patients who have positive i oentgenographic findings of both 
the two hip joints (Figs 11 and 12) Wiberg wrote that Hoffa had made this ° 
in childien, but had stated that the subluxation would always develop into a 
as the child grew Wiberg also stated that, as early as 1900, Bade found 
loof on the “healthy” side in 25 per cent of unilateral dislocations, an 
that the more careful technic of the future would leave hardly any uni a 
Seveiin reported, in 1941 “ Re-exammation of the origmal roentgen sub- 

57 of the ‘healthy’ hips m 190 unilateral cases suffered from defim e y P 
luxation when the other was treated” Ponseti, in ® hip ^^as i\ell 

in eighty-five cases of umlateral dislocation He observed that the 
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Fig 10 


Roeiitgenographio studj of a twcnty-yeai-old physical-education student, who had no com- 
plaints c\cept mild pain and a feeling of fatigue, involving the region of the left hip, following 
strenuous exercise Obseive the bilateral flat dysplastic socket with imld subluxation of the right 
femoral head and pronounced subluxation of the left femoral head The absence of coxa magna 
deformity of the femoral heads may be evidence that epiphyseal dysplasia did not exist durmg the 
grow th penod The disturbance of Shenton’s line is slight on the right side, but marked on the 
loft Gradually over the years traumatic osteo-artlmtis will develop m both hip joints beeause of 
their dysplastic incongruity and malformation (Courtesy of Dr E F Chambers, Seattle, Wash- 
ington ) 

formed m forty-seven cases, and in the remainder, it shoived some defect as proof of its 
congenital d 3 ’^splasia No one knov's what peicentage of these well-formed hips had been 
changed fiom a state of dysplasia to noimal by spontaneous lecoveiy, without benefit of 
special treatment 

Fan bank obseix'^ed in 1929 “Manj”^ suigeons, how^ever, including myself, have been 
impiessed wuth the fiequenc}" of pain and othei signs of aithiitis m a congenitally unstable 
01 subluxated joint pieviously legarded as normal, while the opposite hip, completely 
dislocated, gives no trouble” Waldenstiom, m 1932, stated “It is of faiily common 
occurrence that a luxatio congenita on the one side occuis together with a subluxation on 
the other” Jansen, m 1929, discussed coxa plana involving the “noimal” hip in childien 
with unilateial dislocation of the opposite hip The authoi has had the same expeiience 
and believes that aseptic neciosis of the femoial head or epiphyseal dysplasia may be one 
of the many consequences or expiessions of hip-jomt dysplasia (Figs 3 and 4) 

While reviewing the hteiatuie on hip-jomt dislocation, one obseives a large numbei 
of illustrations xvhich demonstrate a markedly flat oi dysplastic hip w ith varying degi ees 
of subluxation involving the “noimal” hip The high mcidence of coexistence of dysplasia 
with dislocation of one side and d 5 '’splasia wuth subluxation of the opposite hip is convinc- 
ing evidence of a relationship oi common etiology of the twm entities (Figs 11 and 12) 

5 Ohservahons of Residual Subluxation 

Residual subluxation is a partial displacement of the femoral head fiom the socket, 
subsequent to closed or open reduction of a dislocation This is a common complication 
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Fig 11 

The most convincing evidence of relationship between congenital subluvation and congenital 
dislocation is found m patients w'ho have positive roentgenographic findings of both entities, in- 
eolvmg the two hip joints 

Roentgenogram shows bilateral dysplasia of the hip joints in a child, si\ years of age, with dis- 
location of the left hip and subluxation of the right hip The hips had never been treated The right 
or subluxated hip caused no complaints and had been considered “normal” (See Fig 12 ) 


following 1 eduction, but one to be expected if latei theie is insufficient development of the 
acetabulai loof If the lesidual subluxation does not continue toward displacement uith 
weight-bearing, but remains a fixed and peimanent condition, it may then be compaied 
with the congenital subluxation which also is fixed and peimanent The twm conditions 
aie now the same m many anatomical and mechanical features One w^ould not expect 
them to be identical, because of the more maiked secondaiy changes wffiich had developed 
m the hgamentum teres, Haversian gland, capsule, limbus, femoial shaft and neck 
(antetorsion), and femoral head on the dislocated side befoie i eduction, but they continue 
to have a similai clinical couise throughout life Theie is usually good stability and 
function dm mg childhood, adolescence, and eaily adult life, but during middle adult life 
serious disability begins Osteo-aithritis is then supei imposed, because of the trauma of 
instability and the mcongiuity of the functioning aiticulation ovei the years At tins stage 
the clinical, loentgenogiaphic, and pathological featuies of aithiitis defoimans are the 
same in the tw o entities 


6 Ai thrograpJuc Studies 

Aithrogiaphic studies should be leserved foi scientific leseaich Clinical and rociit 
genographic findings are sufficientlj’- accuiate foi all piactical puiposes Aithiograp ui 
studies, however, have added a great deal to oui knowledge of the noimal and the pa lo- 
logical hip joint Severin, Faber, Leveuf, Wiberg, Stew'ait, and otheis have ma e im 
portant contributions 


7 Genetic, Emhryological, and Anthropological Investigations 

The writer is familiai with only one genetic investigation which 
and scientific endence of a lelationship between subluxation and dislocation o t e 
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Fabci, in 1937, icpoitcd his loontgenogiaphic consanguinity studies of the families of ten 
childien \\ith classical dislocations, who weie consideied ostensibly sound m their hered- 
ity Ml genetic studies made piioi to Fabei’s monumental contiibution had been founded 
on the concept that the dislocation i\as the mheiited tiait They had been based only 
upon the data of actual clinical dislocations of patients whose parents or relatives also 
had dislocitions Fabei based his concept on the fact that the hereditary factor, upon 
which dislocation depends, is not the hip dislocation itself, but instead is a primarily 
exist cut defect in the joint, designated by Hilgeniemer as congenital dysplasia of the hip 
joint 01 a flat socket Subluxation, as w^ell as dislocation, is a consequence of the primary 
genetic dysplasia oi incompetent acetabulum 

Pievious authois had agiecd that, in 20 pei cent of all cases of dislocation of the hip, 
the^ obsei vcd a genetic occuiience in families The anatomj’- of the hip joints of all peisons 
having blood lelationship could not possibly have been evaluated properly unless clinical 
ind loentgenogiaphic studies of the hip joints of each individual had been available 
Fabei demonstiated that, in the families which he investigated roentgenographically, 
piimaiy dvsplasia of the hip with subluxation w'as thiee times as frequent as was classical 
dislocation He also found dysplasia w’lth osteochondrosis deformans in children and 
malum coxae senilis oi aithiitis defoimans in middle life, findings which coincide ivith 
obsei vations m clinical piactice The writei has obsei ved that subluxation, like dislocation, 
IS moie common in the female 

Embiyological studies have added no positive evidence to oui understanding of 
congenital dysplasia of the hip joint, although A\oikSn this field, such as that of Stiayer, 
should be encouiaged 



Fig 12 


Bilateial dysplasia of the hip joint m an adult, thirty-eight years of age, Mith dislocation of the left 
hip and sublu\ation of the right hip The hip joints had never been treated The subluxated hip had 
been considered “normal” until the age of thirty-six., nhen pam first appeared because of traumatic 
osteo-arthntis The charactenstic h5ipertrophy or coxa magna of the subluxated femoral head and 
atrophy of the dislocated head are xnsible 
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Bohm, m 1932, stated “We know climcallj’- that the infantile deformities haie a 
tendency to familial and hereditary appearance and that anatomicall}’- their morphological 
substratum is identical with the normal conditions of certain animals, such as the anthro- 
poid The acetabulum of the human foetus show s the same characteristics as that of 

the goiilla the posterioi loof is entirelj’’ lacking The human foetus has hke- 
wnse an acetabulum of oval shape Thus I considei the infantile deformities as congenital 
in a wider sense ” 

S Pathoge7i€sis of Aithnhs Deformans 

Preisei in 1907, first mentioned that congenital subluxation was the most important 
etiological factoi m the development of osteo-ai thritis of the hip joint Putti, m 1933, 
stated that 40 pei cent of all cases of arthritis defoimans of the hip or malum coxae 
senilis are the result of congemtal subluxation Wiberg, who observed the development of 
osteo-arthiitis m nineteen cases of congemtal subluxation, behexmd that m about ever^ 
fourth hip with arthiitis deformans the condition is originally due to subluxation (Figs 
6-A and 6-B) 

9 Surgical Observations 

At the time of open reduction for acetabulai reconstruction or arthroplasty in chil- 
dren, one frequentl}* finds some contact between the articular cartilage of the femoral 
head and the aiticulai cartilage of the acetabulum The femoial head lies against the 
deficient portion of the loof and limbus of the socket Theie is no isthmus of the capsule 
It IS rare to observe a constriction of the capsule between the acetabulum and the femoral 
head before the age of thiee yeais The head is on its way to dislocation, but the actual 
pathological finding is subluxation, secondaij^ to dysplasia of the hip and shght stretching 
of the capsule This is a common observation at open reduction before the age of four 
yeais, it would be a ven* common finding if one opened the hip jomts of infants before 
the age of weight-beaimg 
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DISCUSSION 

Dr Paul C Colonna, Philadelphia, Pennsylvania A clear differentiation of the two manifesta- 
tions of hip dysplasia, to w hich Dr Hart has again called our attention, has long been present m the writings 
of the European surgeons We have at this meeting one of the outstandmg authorities on this mterestmg 
subject. Professor Leveuf I hope he wall comment on this paper Dr Hart had to delete a part of his paper 
because of lack of time, but I should advise a careful study of it when it is published 

He and others have defined true congenital dislocation as a condition m which the head is not m contact 
w ith the acetabular cartilage, while in incomplete dislocation, or subluxation of the hip, some contact with 
the cartilage is retamed, wnthout capsular mterposition Gourdon stated over forty years ago that he be- 
heved subluxation to be a relatively stable condition that never developed mto luxation Some of us may 
question this m the light of our personal experience, but certainly we would agree with Dr Hart that sub- 
luxation should never be regarded as only a transitional stage of dislocation We believe that in the great 
majority of subluxated hips, the condition remains essentially stationary The widenmg of the joint space, 
the limitation of abduction, and the slight upward nding of the greater trochanter can be recognized quite 
early, and Putti stressed the use of abduction as a simple curative measure m young infants 

The shadow representmg the nucleus of the head is not visible at birth, and its development is delayed 
in the dislocated hip In my opinion, it is only after the third or fourth month of life that one can begin to 
recognize definitely the presence of subluxation of the hip from the roentgenograms 

Professor Leveuf has show n, by the use of arthrograms, that the cotyloid cartilage or limbus is forced 
upward, produemg a flat saucer-bke socket m the cases of subluxation, while there is a cartilagmous cuff 


VOL 31-A NO 2 APRIL 1949 



372 


DISCUSSION 


along the superior run in the cases of luxation or dislocation This probably will add greatly to our mforma- 
tion regarding not only dysplasia of the hip, but also other non-mfectious conditions 

In a recent Scandinavian journal, Gade cited 123 osteo-arthritic hips which had been operated upon 
47 per cent of u hich presented some degree of congenital dysplasia This means that the recognition of these 
hip dj'splasias and their immediate treatment is very important 

We would like again to congratulate Dr Hart on stressing the matter of early recognition and pointing 
out various aids in the differentiation of the two entities, both of which are the result of a primary genetic 
dysplasia of the joint We have, m addition, been impressed with other congenital anomalies that have been 
found m cases v ith frank dislocation The frequent lack of fusion of the fifth lumbar or upper sacral segment, 
noted m the older child, indicates that the congenital maldevelopment is often not limited to the hip-jomt 
structures 

We u ould like to reiteiate the dangei of our attention becommg focused upon the frankly dislocated hip, 
while the subluxation oi incomplete dislocation of the opposite hip is disregarded We should remember that 
both hips aie sources of potential trouble and need pioper care 

Dr H Relton jMcCarroll, St Louis, Missouri No one doubts the existence of the upward sub 
luxation as a developmental defect in these hips Although Di Hart did not have time to present his entire 
paper, I believe he is trying to covei too much territory n ith his theories regarding this anomaly 

I would like to limit my discussion primal ily to three points First, I believe that upward subluxation of 
the hip IS not so common as Dr Hart indicates There are thiee primary types of dislocation, — the primarj 
posterior dislocation, the primary anterior dislocation, and the simple upward subluxation In our senes of 
111 cases seen betw een 1935 and 1945, w e had sixty-eight pi imary posterior dislocations, tw enty-five primary 
antenor dislocations, and eighteen upw ard subluxations 

The second point has to do w'lth the diagnosis of an upward subluxation at the time of birth Any one 
who IS accustomed to examining these infants or seeing their roentgenograms is fully aware of the tremendous 
variation that exists in these hips in normal mdividuals I am not sure that these variations or charactenstics 
are invariably indicative of an upw ard subluxation We have seen hips of this type in w hich we have been 
unable to demonstrate instability, have follow'ed the patients, with repeated x-ray studies, and have found 
that often these findings disappeared spontaneously In a high percentage of cases, m fact, these hips will be 
normal at the end of one or tw o years without any treatment 

The third point concerns the assumption of a genetic lelationship in this type of involvement One may 
suspect it, but there has been no scientific evidence or proof of genetic influence on these various developmen 
tal defects I think it has to be entiiely discaided m the light of oui piesent knowledge 

I would like to ask Di Hart how he can be sure that there are many types of mtia-utcrine dislocation 
of the hip 

Mudr Jaroslav Slavik, Prague, Czechoslovakia I have three remarks to make First, Dr Hart 
IS right w^hen he says that congenital displacement of the hip is very common Statistics determined at Charles 
University (m Pilsen and Hradec IH'dlovd) during the last tw’o years have disclosed that fully 20 per cent of 
newborn mfants were afflicted wuth congenital dysplasia of the hip of a greatei or lessei degree Because 
of this extremely high rate, nearly every new born child in the university towms m our country is submitted 
to x-ray studies of the hip at the age of thiee weeks and again at the age of three months We believe that 
w e recognize this disease sooner than the period of middle adult life, and sooner than Dr Hart claims he 
recognizes it Very often theie is first preluxation, which develops into subluxation and finally into luxation 
m the same hip 

Second, Dr Hart says that in congenital displacement of the hip, sometimes under the influence of 
function, a normal hip joint develops He has based this opinion only on the normal x-ray picture, but 
microscopically I have found abnormal changes I have a book of seventy-five microscopic specimens of 
hgamentum teres w hich w ere removed m a series of 150 consecutive open reductions for congenital disloca- 
tion of the hip, fractures, and Peithes’ disease I found, foi instance, that between the ages of seven and 
sixteen, an acute rupture of the hgamentum teres oi an acute second stage of obliteration of the blood vessels 
of the hgamentum teres occurs At this time the epiphj'seal cartilage still remams open, and the head of the 
femur is extremely vulnerable to slight trauma The age from seven to sixteen is the period at which Legg- 
Perthes disease develops I believe that this disease occurs only m congenital displacement of the hips 
Third, m Europe we use the term “preluxation” as indicating the precursor of classical subluxation 
We find in this condition (1) a poorly developed shelf of the socket, and (2) delayed development ° ^ ® 
ossification center of the head of the femur There are, however, more than two clmical manifestations o e 
same genetic dysplasia 

Dr Vernon L Hart (closmg) Dr McCarroll is correct that a scientific genetic study has 
made m this country Any such study requu-es roentgenographic consanguinity tests, such as those ma e 

Faber in 1937 

(Conltnued on page 884) 
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INJURIES OF THE LATERAL LIGAMENTS OF THE ANKLE 
V Clinic VL and Explrimental Studi"'' 

in JMOHION II LEONVRD, ftl D , COLUMBIA, MISSOURI* * 

I lom the Stale Cnppled Childicn’s Sovtcc, Unwersitu Hospitals f, Columbia 

Spoilt Riiooiisl> loduccd suhluxations of the ankle often masqiieiade as spiams*"'^ 
riiei aic fieqncntlv undcitiCciled by local piocaine infiltiation and adhesive stiappmg, 
vitli piolongod tempoi in and occasionallj' peimanent disability foi the patient On the 
othei hand, the iiithoi beheies that the plastei immobilization which these mjuiies le- 
qiiiie IS often piolonged iindiih To claiify the lelative impoitance of the lateial ligaments 
in maintaining ankle stabiht's and foi bettei Msnahzation of the mechanism of inveision 
injuiies to these hgiments, a senes of cadavei expeiiments weie peifoimed 

CLINIC VL FINDINGS 

Fifty-one cases of mveision iiijun'^ of the ankle weie studied Twenty-thiee patients 
weie shown loentgenogiaphicall}'' to have had spontaneousty i educed subluxations In all 
instances, both ankles weic x-iaj^ed in mveision following geneial oi local anaesthesia, 
and a diffeience in the dcgiee of paiallehsm between the aiticulai sui faces of the talus 
and of the tibia on the two sides was consideied diagnostic of a spontaneously leduced 
subluxation of the ankle ’ - * When the condition w'as diagnosed as subluxation, the ankles 
weie immobilized in skm-tight walking plastei s foi six weeks These casts weie kept skin- 
tight, as the swelling subsided and the muscles undeiwent atioph}'-, b}’^ changing them 
appioximately cveiy thiee w'eeks The patients, all college students, w'eie able to attend 
then classes, and the moie aggiessive danced and even bowled while so immobilized 

Following lemoval of the plastei, the foot and ankle w'eie wiapped with elastoplast 
foi about two weeks, pimcipalty to minimize the oedema, and i oentgenograms weie then 
taken with the ankles in foiced mveision The follow-up i oentgenograms showed com- 
pletety stable ankles m all twenty- thiee cases 

In twenty-foui cases the ankles weie stable roentgen ogiaphically and were tieated 
b^'' piocame injection and adhesive stiappmg Seven of these twenty-foui patients had 
peisistent disability, complaining of swelling and a feeling of msecuiity, as well as of pain 
ovei the anteiioi talofibulai ligament, foi as long as they weie followed (two to five 
months) 

Foul weie cases of lecuiient mjuij'- The ankles weie giossty unstable, as a result of 
inadequate tieatment of acute injuiy m the past One man, twenty-five jmais old, with 
a ten-yeai histoij'^ of lepeated mi^eision of the ankle, alieady showed clinical as well as 
locntgenogiaphic evidence of tiaumatic aithiitis, m addition to gioss ankle instability 
Some, including Watson-Jones, advise at least ten weeks of immobilization befoic 
an acute instability of the ankle is tieated The wiitei believes that this is too long With 
the disappeaiance of ecchymosis and ligamentous tenderness being used as an index, 
all but a few^ of the tw^enty-three patients treated foi aeute injury required six w^eeks of 
plaster encasement These few^ ankles w^ere kept m plaster one or two weeks longei As 
noted previously, this period of immobilization, follow'ed by twm oi three w eeks of strapping 
wnth elastoplast, gave stable, symptom-fiee ankles m all twenty-three cases treated 

Fiom the liteiatuie, the wuitei could not deteimme the lelative importance of the 

* Presented at the Meeting of the Chicago Orthopaedic Society, hlarcli 12, 1948 
** Formerly Fellow in Orthopaedic Surgery, Northwestern University Medical Specialty TrainmgProgram 
t Service of William J Stewart, M D 
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Fir. 1 


Vntinoi t ilofibiil u li(;aiiunt 1ms bciii cut and foot is invcited in cquiiuis 

\ tiioub components of the htcial ligaments m maintaining talotibial stability Most 
aiitliois state tint the calcaneofibiilai ligament is the most impoitant, that it luptuies 
most commonly, giving the gieatest degice of instabiht}^ ’ - ® ® Pennal, in the illustiations 
of his aiticlc, showed that cutting the calcaneofibiilai ligament of a fiesh cadaver resulted 
111 about 4 degices of ankle instabihtj’- by loentgenogiam, but that cutting the anteiioi 
talofibiilai ligament gaic 12 degrees As a coiollaij’’, w'e w'ondei in what position the foot 
should be invcited (at 90 degices oi in equinus) to show' ma\imum ankle instabiht 3 '- 

EXPERIMENTAL FINDINGS 

In Older to visualize the mechanism of inveision injiiiies lesiiltmg in ligamentous 



Fig 5-B 


Same specimen as shown m Fig S-A, m equinus, 
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Fig 6 

Anterior talofibular and calcaneofibulai ligaments have been cut 
A Note gross mstabilit}', shown in photograph 

B Inversion, with foot at 90 degrees C Inversion, w ith foot m equinus 



Fig 7 

Posterior talofibular and calcaneofibulai ligaments have been cut 
Inversion, with foot A, in equinus, B, at 90 degrees, and C, m h} peieatension 



Fig S 

\11 three ligaments have been cut 


damage, and to assess the 
impoitance of a given liga- 
ment in the maintenance of 
talotibial stabilit}^ seven 
pieseived ankles veie 
stiipped of then soft paits, 
the collateial ligaments 
being letained Obsena- 
tions veie made fiist of the 
couise of the ligaments m 
vai^nng degiees of plantai- 
flexion and doisiflexion, and 
then of the effect of cutting 
the ligaments in vaiiou^ 


combinations on ankle stability m equinus, at 90 degiees, in doisiflexion, and in extienu 
dorsiflexion Photographs and loentgenogiams veie taken 

With the foot at an angle of 90 degiees vuth the leg, the calcaneofibulai ligament is 
perpendicular and the anterior talofibular ligament is paiallel to the long axis of the ta u^^ 
Therefore, mversion in this position results in stiain on the ealcaneofibular hgamen 

However, most ankle mveisions occui i\ith the foot in plantai -flexion dining 
propulsion, or when the patient is vearmg high heels With the foot in equinus, le ^ ^ 
caneofibular hgament is parallel and the antenoi talofibular ligament is jar 

the long axis of the talus (Fig 2) From this, it can be deduced that the antenor 
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lifiinu'nl is Uio oiu' most i oinnionlv injuicd This is .ilso tiue clinically In almost all of 
the hfl\-oiu' CISC'S stiuhccl, tcndciiioss \\ is picscnt ovci the anterioi talofibular ligament 
Vftei the ml Cl 1(11 ( ilolilnilai hgimcnt has been cut, the ankle is relatively stable at 
'10 dcgiccs since' the wide iioilion of the talus is engaged in the ankle mortise (Fig 3) 
\\ ilh the font in ('c]Uiiiiis, the inkle is less stable (Fig 4) In addition to the instability in 
tile long 'IMS of the t ihis, theie is ilso instability aiound the veitical axis of the talus 

lie'll the ( ik uieolibiil u hgiment has been cut and the ankle has been inverted at 
‘10 dcgiees, theie is iiic leased motion in the subtalai joint, but the tibiotalai relationships 
lemaiii jn letic ilh the same (5 degiees) (hig 5- A.) The ankle is stable in equinus (Fig 
VB) 

^^lth both the c ik ineolibul u iiid the anteiioi talohbulai ligaments cut, theie is 
milked Hist ibiliti both in the weiglit-beiiing and in the long axis of the talus (Fig 6) 
Cutting the posteiioi t ilofibiil ii ligament permits extieme doisiflexion, but the 
inkle lemiiiis st iblc AA itli both the posteiioi talofibulai and the calcaneofibulai liga- 
ments cut, eieii moie doisiflexion is possible At 90 degiees theie is instability of about 
10 degiees in the long axis of the talus, but the ankle is stable in equinus (Fig 7) 

When all tliicc ligaments have been cut, the ankle is grossly unstable (Fig 8) 

Fiom these exjiciimcnts the authoi concludes that the anterior talofibular ligament 
IS the most ficquenth luptuied and the most important component of the lateral liga- 
ments of the ankle Ini eision films should be taken m equmus, if the tenderness is anterioi 
to the fibul i, md at 90 degiees, if the tenderness is posterior to the fibula 

SUMMARI AND CONCLUSIONS 

1 In a senes of fiftj-onc seveiely “spiained” ankles, twenty-three were shown to be 
spontaneouslj' leduced and foui to be lecunent subluxations of the ankle Seven of twenty- 
four stable ankles had peisistent disability foi as long as five months when treated bj'' 
injection and stiapping 

2 Bj' obseiving the couise of the lateial ligaments and the effect on ankle stability 
of cutting them in vaiious combinations, it is concluded that 

A The antenoi talofibulai ligament is the impoitant component of the fibulai 
collateial ligament of the ankle 

B Inveision films in seveie ankle “spiams” should be taken with the foot m 
equmus, unless theie is tendeiness posteiioi to the fibula (which indicates mjuiy to 
the posteiioi talofibulai ligament) In this event the foot should be inverted ivith the 
ankle at 90 degiees 

3 Unstable ankles should be immobilized in walking plastei for about six weeks and 
should then be stiapped vith elastoplast foi an additional two oi thiee weeks 

Note The author wishes to thank William J Stewart, M D , and Edward L Compere, M D , for then 
helpful suggestions and criticism 
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SOME OBSTETRICAL INJURIES TO THE LONG BONES 

BY SPEN'CER T SNEDECOR, M D , AND HARRISON B AYILSON, M D , HACKENSACK, NEW JER&EI 

Trauma to the long bones of babies through the foice of breech e\ti action is suffi- 
ciently common and seiious to be of mterest to the oithopaedic surgeon The senes of 
eleven cases lepoited heie demonstiate a distinct oithopaedic entity vutli its causative 
mechanism, pathological changes, and couise of lecoveij’’ 

The long bones leceive their gieatest mjuiy at the epiphyses, and by subpeiiosteal 
stiippmg of the tissues adjacent to them The authois, an oithopaedic suigeon and an 
obstetiician, conceive the mechanism of this injury to be the stiong manual puU and toi- 
sion stram exerted on the lower limbs when a baby is delivered breech first ® The 
e\ti action foice is often exaggeiated b 3 ’- the uigencj'^ of the delivery and is likely to be 
earned out m a consistent stiaight line, which necessarily causes severe toision on the 
lovei extiemities, as the body of the baby must rotate 45 degiees to come through the 
biith canal Under this stiain the bone gives way at its weakest point, the epiphysis and 
the peiiosteum (and muscles) stiip off dowm oi up the diaphysis, as the case may be The 
gieatest peiiosteal separation occurs at the epiphysis Within five to ten days a prolifeia- 
tive calcification takes place in the hemorrhage around the epiphyses oi under the peii- 
osteum, and this becomes evident i oentgenogi aphically An appieciation of the whole 
concept Mill help in avoiding the confusion in diagnosis and prognosis which the authois 
expel lenced vith then fiist cases 

TABLE I 

SUJIMART OF ElEI^EN CaSES 

Babies born of pnmiparas 
Breech presentation 
Podalic version 


11 

5 

6 


Epiphyseal injunes 6 

Periosteal stripping 7 

Both epiphyseal injurj'' and periosteal stripping 2 


Sites of involvenient 

Upper portion of humerus 
Upper portion of femur 
Lower portion of femur 
Upper portion of tibia 
Low er portion of tibia 


A pielimmai 3 '' lepoit of this phenomenon was made m 1935 ^ Once the entity la 
been appieciated, careful observation uncovered other mstances from time to tune 
Duimg a period of twenty months, 160 babies who had had breech presentations v ere 
exammed careful^’’ In fifty consecutive breech dehveiies on the ivard service o 
Hackensack Hospital, the mfants were x-iayed on the seventh day, and m three cases 
(6 per cent ) evidence of periosteal or epiphyseal hemorihage was found An equa 
of other babies had pamful limbs with obvious soft-tissue mjury, but no 
evidence of bone disturbance From this study it is apparent that this type o s 
injury is lelatively common m babies who have been forcefully exi-racted ee r 
pecially m the first-born (Table I) 
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Jjr Fig 1-B 

1 m l-V C i''i' 1 Lnrgc dciiosit of cilcium about capital epiphysis of femur, foity days after birth 
I'lp 1-B R( solution tliroc months latci 


V iG\ lew of the hteiatiue on biith mjuiies has disclosed fiequent lefeiences to neive 
palsies ind obstetiical fiactuies A few notations on epiphyseal tiauma have been found, 
but no mention of pciiosteal stiipping Meiei and Riischenbuig m Germany, Tavernier m 
Fiance, Caritat and PelufTo m Uiuguaj’', Rivaiola in Aigentma, and otheis have leported 
cases of obstetiical epiplij-’seal mjuiies Scaglietti, in a summaiizmg lepoit from Putti’s 
clinic m 193S, told of such mjuiies to the capital epiphj'^sis of the humeius Other descrip- 
tions of sepal ation of the lowei epiph3''sis of the humeius, as well as of the upper and lowei 
epiphj’-ses of the femui, have been found in ai tides in the foieign hteratuie Tw'o single 
case repoits on epiphyseal injuiies, lecentl}'- published m the United States ' ^ show that 
this type of obstetiical tiauma is coming to be lecogmzed in this country However, its 
occiiirence as a lelativety common complication of breech dehveiies is woithy of special 
note, bj'^ both the obstetiician and the orthopaedic suigeon 

The clmical pictuie is quite typical Tendei swollen legs are observed the day aftei 
dehveij’’ TSTienevei the limbs aie moved, the child cries with pain Roentgenogiams 



Fig 2- a. Fig 2-B 

Fig 2-A Case 2 Negative findings in loentgenogram taken five days after birth 
Fig 2-B Four weeks after birth, large mass is seen about upper femoral epiphysis, as w ell as some 
periosteal thickening 
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on the second oi thud daj’- have alvays been negative In those infants vith simple soft- 
tissue hemoiihage, the condition cleais lapidlj'^, but many of the babies have siiffeied 
enough tiauma to have moie lasting bone effects Even as the acute physical discomfoit 
subsides aftei a feu days a deposition of calcium takes place in the hemorihagic nidus, 
and by the seventh daj’’ the loentgenogiaphic pictuie illustrates the moie seveie peiiosteal 
and epiphj'^seal changes 

The significant loentgenogiaphic chaiacteristics of the lesion aie dense shadows of 
calcification aiound the epiphysis, if sepaiation or toision has occuired there, and siib- 
penosteally, if the muscles and peiiosteum have been pulled an ay fiom the bone In tliiee 
instances both sites became calcified (Cases 1, 8, and 11), indicating extensive involvement 
of both The loentgenogiams of othei cases in the senes demonstiate stiippmg along 
the shafts of both the femiii and the tibia In one instance the capital epiphysis of the 
humeius was involved, following a dehveiy with the aim m an extended position beside 
the head 

So fai, eleven cases have been lecoided in this senes, but it seems ceitain that if 
babies vith breech piesentation, boin of pnmiparas, aie carefully checked vith loent- 



Fig 3-\ 

Case 3 Calcium deposit at capital epiphjsis of humerus nine days aftei biitli 



Fig 3-B 


Increased calcium five daj s later 
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UBS ( ikc'B on Iho soxonlli clay, (Ins mjinv Mill be found to be iclatively common 
The inognobis following the mjni\ has been nnifoimly good, wnth one exception 
it Inn (wo 01 (liiec weeks, all of (he clinical symptoms disappeai and the i oentgenograms 
show a diminution m (he pei lost cal thickening Within thioe oi foui months, roentgeno- 
giams of the bone show pi utically complete icsoiption to a noimal condition In the one 
exception (Case S), the lowei epijihysis of the femiii began to show distoition after foiu 
months Latei loentgcnogiams of this infant leyoalcd a peimancnt bowing of the shaft 


foi the hist SIX leais, m imidental fiactnie 
occiiiicd when she fell fiom a cub it the 
ige of one leii This child did not liaie a 
limp iiid w IS not handicapped in hci actiyi- 
ties lint it seemed clcii that the lowci 
fcmoi il cpiplii sis h id been pci mancntly 
injuicd 01 displaced it biith 

IBSTll VCTS or C \S1 IIISIOIIILS 

C\si 1 Bab\ M \\ us born of ft primipirft, dc- 
li\en i\ is b\ pod die icrsioii ftiid lirtecli extraction 
Trouble with the lower cxtreniiti was appirenth 
unnoticed until fixe weeks after birth The limb was 
held in a flexed position and motion was painful The 
first roentgenogram (Fig 1- V), forte dais after birth, 
showed a large mass of periosteal new -bone formation 
about the head of the femur Three months latei 
(Fig 1-B) nearh complete lesolution had occuired 

C\SE 2 Bab\ \ , who weighed «ix pounds and 


Fig 4-V. ind Fig 4-B Ca«o 4 Pciiostcal calcifi- 
cation 111 right and left femoia and iippci portion 
of right tibn on the tenth dax is «iiown Some 
epiphxseal mjurx probablj wits piesent 



Fig 4-4. Fig 4-B 



Fig 5 Fig C Fig 7 

Pig 5 Case 5 lloeutgciiogi am on eighth daj shows periosteal strippmg of lower half of femur 

Fig 6 Case 6 Calcium deposit on medial aspect of upper portion of femur on seventh day 

Fig 7 Case 7 Thickening of periosteum of lower portion of femur with periosteal horns, on ninth daj 


XOL 31-A NO 2 APRIL 1949 






OBSTLTIIICAI. INJUniES TO THE LONG BONES 


383 


I ucl\c ounces, bom of a piimipnra, there w as n chflicuR delivery by podalic version and breech extrac- 
tion Tlu>da\ after birth the infant’s left Ion er extremity and foot were swollen, discolored, and painful on 
motion The first rocntgciiogiam (Fig 2-A), five days after biith, was negative Four weeks after birth 
(I ig 2-11) 1 1 irgL auiouiit of calcification was present around the head of the femui 

C\SL 3 B ib\ If , who weighed eight jiounds and fifteen ounces, was born of a pnmipara, with difficult 
dili\cr\ bj jiodalic xersion and breech extraction At delivery the left arm was in extension alongside the 
head The iiijuri to the left shoulder and arm w as noticed immediately The arm was limp and there w as some 
wnst-droji The first roentgenogram (Fig 3-A), iiiiie days after birth, showed periosteal proliferation around 
the upper epiplnsis of the left humeral shaft Five dajs later (Fig 3-B) there was further calcification of the 
same area 

CxsF 4 Bab\ M , who weighed eight pounds and five ounces, was born of a pnmipara, by breech presen- 
tation and dcliicn The right lower extremity appealed swollen, the foot was bruised, and the infant held her 
limb in an awkward position The left lower cxtrcmitj was also bruised and appeared very painful A roent- 
genogram, taken when the babj was two dajs old, was negative When the child was ten days old (Figs 4-A 
and 4-B) pcnostcal tluckLiiiiig was ijiiiarcnt in the lower half of the shafts of both femora and in the upper 
end of the right tibia 

CxsF 5 Bab\ M , who weighed six pounds and eight ounces, was born of a pnmipara, by breech presen- 
tation and extraction The left lower extremity appeared swollen from the knee to the hip, and was painful 
and tender to the touch Roentgenograms on the eighth daj (Fig 5) show ed penosteal stripping of the low er 
end of the femur 

Case 6 BabyK was born of a pnmipara, b> breech presentation and extraction The baby had bruises on 
both lower extremities On the seventh day (Pig 6) bone proliferation was seen at the proximal femoral 
cpiphj’sis Later roentgenograms showed complete absorption 

Case 7 Baby W , who weighed six pounds and three and one-half ounces, was born by breech presenta- 
tion and ex-traction The babi held the lower extremities flexed in a peculiar manner, the right hmb seemed 
sw ollen Roentgenograms (Fig 7), taken w hen the infant w as nine daj s old, show ed periosteal thickening and 
projections along the lower half of the left femur 

Case 8 Baby S , w ho w eighed six pounds and fifteen ounces, w as born bj' difficult podalic version and 
breech ex"traction The right low er cxiremitj seemed partiallj' paralyzed and motion caused pain Three days 
after birth, a roentgenogram (Fig 8- A) w as negative On the tw'elfth day (Fig 8-B) extensive subpenosteal 
calcification was seen along the whole femoral shaft and around the lower epiphysis A.fter four months, 
roentgenograms (Fig 8-C) show ed resorption of the periosteal thickening, but early changes in the epiphysis 
\ fracture of the femur when the child was one j ear of age (Fig 8-D) illustrated the marked anteiior bowing 
4t the age of six jears (Fig 8-E) this bownng was still present 

Case 9 Baby W was born of a pnmipara, by breech presentation and extraction No injury was noted 
at birth After six weeks it w as found that the baby kept his left low er extremity folded under the right 
and cned when his left limb was moved Roentgenograms at six weeks showed marked proliferation around 
the head of the left femur and periosteal thickening down the shaft Three weeks later a denser calcium de- 
posit w as visible 

Case 10 Baby O was born of a pnmipara, by breech presentation and extraction Roentgcnogianis 
sliow'ed penosteal stripjang and calcification at the lowci ends of both the right femur and the right tibia 

Case 11 BabyS was born of a pnmipara, delivery was by podalic version and breech extraction After 
birth the left foot appeared bruised On the ninth day, roentgenograms show ed ossifying penosteal hemor- 
rhage of the low'er third of the shafts of both the femur and the tibia 

CONCLUSIONS 

1 Injuiies to the long bones aie lelatively common complications of breech dehvei- 
les, especially m babies boin to primiparas, and can be recognized as a definite entity 

2 Roentgenographic evidence of calcification m the hemoiihage is found on the 
fifth to seventh day 

3 These injuries follotv a pattern of epiphyseal sepaiation, periosteal stripping, and a 
combination of both 
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4 Accoidmg to the authois’ concept, the mechanism of such mjuiies ma}-^ be cle- 
cieased bj" the use of less foice, if possible, and hy caieful turning of the Iomci extiemitics 
to folloii the lotation of the bodj'- duimg extinction 

5 The piognosis is lelatively good foi spontaneous lecovei}^ without specific tieat- 
ment m most instances, but peimanent epiphyseal gioiith changes ma}'- take place 
occasionalh 
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DISCUSSIOX 

Congenital Dysplasia of the Hip Joint 
{Con'murd fiom page 372) 

In Teplj to his question as to how I know there aie many causes of intia-ufLiiiic dislocilion, I should 
not have used the nord many I should have said several lATien ne examine children nith dislocated hips, nr 
occasionally find a child nho has spma bifida and paralysis of the extremity M'^e knon the mechanism o 
pathological paralytic dislocation Occasionally we see a child w ho has clinical evidence of muscular dj'strop 3 
with degenerative fibrosis and contractures of muscles, as in myodystrophia foetalis or arthrogryposis mu 
plex congenita We know that such contractures may displace the hip joint If a child is born wath one oo 
around the neck, with the knee hyperextended, and the hip joint m the position of flexion and adduction or 
of mstability, it is only logical to assume that the hip w'as displaced because of the intra-uterine breech posi^ 
tion It IS my opmion, however, that the great majority of congenital displacements of the hip are on 
basis of genetic or biomechanical dysplasia of the hip jomt, alone or m combination Most displacements 
durmg infancy are subluxations and not dislocations The terms preluxation and subluxation are synonymou ^ 
I believe that all patients wuth congenital dislocation of the hip joint secondary to congenital dysp asia a\ 
gradually passed through the phase of subluxation, — some durmg mtra-uterine life, but the majori 3 ( u 
early infancy, when dislocation could have been prevented by early recognition and treatment 
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M(’)irriSlOl) TU \NSFACI-]T BONE BLOCK FOR LUMBOSACRAL FUSION ■= 
in 1 MUi n MtiiHiDi , M n , Oklahoma cm, Oklahoma 

1' 01 ni nn vcmi s 1 ho oi I hopacclic sui geoii h.is pci foi med fusion as a dependable method 
of liciling inliaotahlc low-back pam Attention w^as sharply focused on the importance 
of (ho lumbosacial icgion thiough the discovei}" of the herniated mtervertebral-disc 
ndi omc bv Mi\(ci ind Bai i It has now' become necessaiy to le-evaluate the indications 
foi luinbo'^aci il fusion and to ledeteimine the end lesults 

The exceedingly piompt lelief fiom acute pam obtained bj' opeiation foi a herniated 
disc did not mask foi long the fact (hat the pathological manifestations associated with 
heiniition of (he mtei veitebial disc aie fundamentally stiuctuial deficiencies and onl}' 
second uih ncuiological entities moie appiopiiate teim w'ould be “disc disease’’ Be- 
cause the ncuiologied phenomena aie moie obvious, a tendency exists to ascribe all low'- 
Inck sMiiptonis to the disc Reniocal of the disc onlj' has leceived too much ciedit, as 
sticssed bv Fan ell and MacCiacken At piesent the liteiatuie contains many analyses of 
lesults of disc opciations, with little oi no consideiation being given to the mechanics of 
issociatcd stiuctuial disoideis It is the authoi s piactice to expose fieely and to investi- 
gate the posteiioi facets and foiamma, bilateially, m all disc operations In 100 cases m 
which the facets and laminae on both sides weie exposed at the time of disc operation, 46 
pel cent showed mild stiuctuial deficiency and 35 pei cent showed maiked pathological 
changes, such as telescoping of facets due to settling dowm of the intervertebral space, 
unexpected inoinalies, senescent oi osteo-ai thi itic changes, and obstiuctions along the 
couise of the nene loots A laige piopoition of these abnoimahties aie missed if the 
loentgenogiam alone is depended upon to leveal them 

The favoiable end lesults m patients wath disc lesions of long standing w'hich have 
not been opeiated upon, and also m manj' cases m which operation has been done but not 
fusion, aie piobabl}' due to stabilization fiom fibious ankylosis Slow, giadual nanowang 
of the mtei veitebial space is apt to follow lemoval of the disc If this fibi ous-tissue stabi- 
lization gives way, low-back pam ma}' letuin Bony fusion is the only w ay to countei act the 
piedisposition of the lumbosacial stiuctuies tow'aid piogressive degeneiative changes 

THE PRINCIPLE OF FUSION 

Piesent Status of Opinion as to Value 

Many vaiiations and conflicting opinions exist concerning the advisability of fusion 
m the lumbosacial legion Biieflj', the followang asseitions may be made 

1 Stabilization by fusion of the sti uctuially affected lumbosacral joint is a sound, de- 
pendable pioceduie It still maj' be said that a well-fused joint ceases to be painful How- 
ecei, fusion is not a substitute foi lemoval of the heiniated disc oi othei souice of neive- 
loot nutation 

2 Suigical intervention foi the lelief of pam due to posteiioi herniation of disc tissue 
has focused attention upon the fiequency of a specific lesion m the lumbosacial legion 

3 AVhethei oi not to fuse m cases of heiniation of the disc is debatable Although en- 
thusiasm foi lemoval of the heiniated disc has tempoiaiily overshadowed the impoitance 
of structuial disoideis, fusion to pi event lesidual symptoms oi relapse is justified to an 
extent greatei than the neurological findings alone would indicate 

4 The numeious vaiiations m technique of fusion opeiations m the lumbosacral re- 
gion indicate dissatisfaction with lesults Statistics have levealed a higher percentage of 
1 elapse with pseudai thi osis than is geneiall 3 ' realized 

*Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 29, 1948 
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5 Little new has been added to the technique of surgical fusion Maity methods 
have been described, but practicallj'- all are based upon the original method of Hibbs oi 
Albee 

6 Interbodj'- fusion bj'- bone blocks in the intervertebral space, bj^ eithei the abdom- 
inal or lanunal approach, has been tried by Lane and Moore with some favorable results 

7 One new prmciple which has gradually gained recognition is that of distraction 
bj’- propping apart the laminae or spmous processes to lessen foraminal impingement and 
to give immediate mterlaminal support and stabilization 

8 Long periods of plaster-cast immobilization or bed confinement are being avoided 

9 A quick method of immobihzation by transfixion screws in the facets, as lecom- 
mended by King and others, is being tried The reports are not convincing 

10 Metallic fixation by plating or wiring has been used in conjunction with bone 
transplants 

11 Hiac bone is rapidly replacing tibial bone, when transplants are used 
Recent Concept 

In the light of present knowledge, surgical procedures in the lumbosacral region must 
be carried out with more specific mtentions Arthiodesis is not a substitute foi removal of 
a herniated disc, but, if all local pathological factors are investigated, moie fusions will be 
done supplemental to removal of a disc More consideration is now given the taut sta- 
tionary nerve roots These nerve cables are threaded through passageways that might 
require bone decompression If the smooth gliding surfaces of these neive trunks are com- 
pressed or bound b}'- adhesions, they will not respond to veitebial reactions from bodv 
shock, stress, oi strain, even aftei fusion has been established The great majority of end 
lesults following simple removal of the disc may be classified as good, but, m a joint defec- 
tive enough to cause evtrusion of a disc, further degeneiative changes can develop In this 
lespect the situation is not unlike that found in inguinal hernia One certainly would not 
lemove the sac vuthout carrying out the reparative pioceduie 

Improved Technique 

Time has proved that successful fusion m the lumbosacral region depends gieatly upon 
good engineering The conventional bone-chip method of Hibbs oi the bone-tiansplant 
method of Albee is more adaptable to the thoracic spine in childien, foi which these 
methods were originally recommended Even though evtiemely heavy grafts and extensive 
bone chipping, of mutilating proportions m some cases, have been applied with many 
Aariations, absorption, followed by pseudaithrosis of the supposedly fused lumbar areas, 
has too often been the lesult In a recent study, Cleveland, Bosworth, and Thompson 

have noted an incidence of pseudarthrosis as high as 20 pei cent in 647 fusions ovei a 

■ ■ nbar 

was 
seek 

impioved methods . 

The improvements needed m fusion of the lumbosacral area might be summarize 
as follows 

1 A more certam method of fusion, especially above the fifth lumbar body , 

2 Development of a method providmg earlier mobilization after operation, 

3 Simplification of the techmque of fusion and lessening of the time and risk v mn 
this procedure is done after a disc operation 

Pnnciple of Interlaminal Disti action 

The innovation of mterlaminal disti action to decrease mtiaforaminal compression^^m 
proved valuable It is usually accomplished by propping apait the spinous proce- 
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peiiod of tv enty years This included all fusions extending from the third or fourth lui 
segment to the sacrum In the lumbosacral joint, the incidence of pseudarthrosis 
3 4 per cent This should be a stimulus for others to compaie then end results and to 
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In many c ibCb the collapse of the intcivcitcbial space is found to have caused telescoping 
of the facets, to the extent that the mfciioi boideis of the infeiioi articular processes rest 
on the adjacent laminae 

Williams fust iccognizcd the pimciplc of distinction in his “conseivative treatment” 
of lumbosacial disabilities, by maintaining a postuie of flexion to coiiect the mtei- 
^ertcbral subluxation and the nau owing of the foramina Bieck and Basom intioduced 
the concept of maintaining fixed suigical distinction through the use of intei spinous bone 



Fig 1-A 



The transfacet bone block, as a dove- 
tailed graft, impacted under distraction 
into a rectangular mortise, extends 
from the laminae below to the facets 
above, to form an interlammal support- 
ing strut 

Fig 1-A Anteroposterior aspect 
Fig 1-B Lateral aspect 



blocks Gibson devised the clolhespm oi fish-tail giaft, Bosworth used a similai giaft to 
lock the spinous piocesses m distinction Mooie has teimed still anothei similai pioceduie 
the self-locking graft 


THE MORTISED TRANSFACET BONE BLOCK 

It IS fiequently stated that fusion would be done more often aftei disc operations if a 
simplei method vere available The pioceduie desciibed heie is suggested vuth the aim 
of simplicity 

The most stiategic point for elimination of mterveitebial motion is at the facet 
articulations, as stressed by Mej'-eiding Then suifaces are compaiatively large and the 
center of gravity is more neaily at this point The articulai processes aie strong and stuidy 
enough to provide an excavated bed and abutments foi the firm implantation of a sub- 
stantial block of bone When accurately countersunk across the facets (Figs 1-A and 1-B), 
such a graft will render immediate suppoit and stabilization, and will eventually pioduce 
an interlocking bony fusion An operative technique devised foi such a mechanical 
objective has been employed in 135 cases with gratifying results 

Technique 

The patient lies prone on an especially devised convex fiame (Fig 3), two padded 
saddle bars support each side of the pelvis, leaving the abdomen free from piessuie The 
spmous processes and laminae on both sides are thoroughly denuded and the soft tissues 
are widely retracted, to permit free visualization of the facet aiticulations of the involved 
region 

Attention is directed to a small but definite anatomical stiuctuie, not desciibed in the 
anatomy texts, consisting of a ball of fat that fills the inteilammal fossa It borders t 
hgamentum flavum medially and is attached laterally to the fascia over the face 
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leceive a small terminal arter} 
and nei ve fi om the lateral margin 
of the superior articulai process 
of the vertebra below No doubt 
this IS the cause of the trouble- 
some bleeding which Hibbs origi- 
nally mentioned in describing 
his fusion operation It is of ad- 
vantage to coagulate this vessel 
and to 1 emove the entii e fat pad 
befoieiemoval of the hgamentiini 
flavum 

If the disc is to be exploied, 
this pait of the opeiation is com- 
pleted pi 101 to the fusion IITiethei 
the disc opeiation is done oi not 

Special instruments used in accurate^ countei sinking the ligamentum flavum and all 

tiansfacot bone block fibrous tissue aie thoioiighh 

cleaned from the bone Spreadeis 
aie then applied between the spinous piocesses to conect any telescoping of the facets 
that ma}'' have occiiiied fiom collapse of the intei veitebial space 

A lectangulai excavation is made lengthwise in the aiticulai piocesses, ciossmgthe 
facets above and extending into the laminae below The excavation should be about one- 
fouith to thiee-eighths of an inch t\ide, one-eighth to thiee-sixteenths of an inch deep, and 
fiom one-half to thiee-quaiteis of an inch m length The uppei end should be so located as 
to include about equal paits of the aiticulai piocesses A right-angled osteotome, with each 
blade one-quaitei of an inch wide, is used to make squaie coineis, although an ordlnar^ 
thin osteotome, one-quaitei-mch wide, maj'- be employed Staitmg at a point about thiee- 
sixteenths to one-quaitez of an inch above the infeiioi boidei of the facets, the fiist cutis 
made into the aiticulai piocesses until the osteotome extends thiough the facet of the 
infeiioi aiticulai piocess of the veitebia above The lateial maigins aie then cut and ac- 
cuiatety squaied The uppei end of the excaxmtion is undeimined and all caitilage suifaccs 
aie lemoved Caie should be used not to bieak the outei ledge of the supeiioi articular 
piocess of the lowei lumbai xmitebiae Likewise, it is impoitant to have a substantial 
medial wall to the excaxmtion, otheiwise the graft wull shift sidewise 
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Fig 4 


1 uitaluin wire used to demonstrate rocntgenogiaplncallj' the location of the bone blocks 

The low ei end of the excavation is located on the lamina below, about one-half mch 
lateial to the base of the spinous piocess The depth may be fiom one-eighth to thiee- 
sixteenths of an inch, but caution should be used not to penetiate the wall of the neuial 
canal The flooi of the excavation, w'hich consists laigelj’' of the aiticulai facet of the 
supeiioi piocess of the lower vertebia, is leveled by a thin, quarter-inch osteotome, slightly 
curved on the tip The upper and lowei ends of the excavation aie undercut to the extent 
that a beveled bone block, about thiee-sixteenths of an mch thick, can be countersunk in 
dovetailed fashion to lock the giaft into the depth of the cavity as the mterlammal spread- 
eis aie lemoved Additional bone chips may be wedged about the aiticulations, or other 
additions ma}'’ be made as desiied The bone-block giafts are taken prefeiably from the 
spinous piocesses, each piocess wall fuinish mateiial foi two blocks The piommence at the 
posterior spine of the ilium may be used if thickei, heaviei bone is desiied Two qualifica- 
tions aie necessary for the bone blocks 

1 They must be long enough to be wedged firmly m place by the diiving foice of a 
carpenter’s punch 

2 They must be stiong enough to w ithstand the piessuie w^hen the distinction foice 
between the vertebrae is leleased 

To Avedge the giaft into the excavation, the inteilammal spreaders are applied The 
uppei end of the block is first pressed into place Then wuth a punch, the othei end is tapped 
firmly and impacted into position The transfacet bone blocks are wedged into place on 
each side before the distraction produced by the spreadeis is removed oi changed If the 
graft IS not impacted fiimly and does not lock m place, it should be lemoved and made to 
fit more accurately When the spreaders have been removed, the grafts aie tested for firm 
impaction and the wmund is closed, after the opeiator has made certain that all blood 
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oozing lias stopped The patient is placed in bed on Ins back i\itb no external iiiiniohilizi- 
tion 

In spondjdobsthesis, the caitilagmous mateiial in the pais mteiaiticulaiis is lemoied 
thoroughl}’-, and the bone block is made long enough to inseit well into the caiitv The 
laminae are left intact Immediate immobilization is the lesult Additional bone chips and 
giafts may be used if fuithei assuiance of fusion is necessaij'^ 

In four cases of scoliosis, the blocks have been applied on the concave side foi collec- 
tion of the cuive With one-quaitei inch of spiead on eight mteilaminal spaces, a positive 
collection of tvo inches is obtained 

The patient is allowed bathioom piivileges on the tenth oi twelfth day On the four 
teenth day, a model is made foi a low -back coiset t3'^pe of biace, and a plastei jacket i-, 
applied This jacket is exchanged foi the biace about the foitieth daj'- aftei the opeiation, 
when hght w oik is peimitted Haid manual laboi , such as iiding a tiactoi oi heavy lifting, 
IS not permitted foi foui months A numbei of patients have disobe3’^ed this lule, howevei, 
wnth no appaient haim 


RESULTS 

In the 135 cases in which fusion was achieved b3’- this method, theie have been no 
deaths oi seiious complications Abdominal distiess, mild oi seveie, has occuiied occa- 
sionall3’’, and catheteiization has been necessai3’’ foi the fiist da3’^ oi tw'o aftei opeiation 
in about 20 pei cent of the cases Most of these complications occuiied when the fouitli 
and fifth lumbai intei spaces, as well as the lumbosacial joints, weie fused Most patients 



Fig 5-\ 

Biplane roentgenogiams following 
vertebrae 

Fig 5-A Forced flexion 


Fig 5-B 

transfacct bone-block fusion of the fourth and fifth 
Fig o-B Forced extension 
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TABLE I 


Ea idence op Psexjdarthrosis in Forti-one Cases, as Determined bi 
Roentgenograms in Forced Lateral and Form^ard Bbndino, 
Taken after Six Months to Tm o Years 


! 

1 

Diagnosis 

No of 
Cases 

Area Fused 

Cases Show mg Possible 
Pseudarthrosis by X-raj 

Fifth Lumbar 
and First 
Sacral Only 

Fourth and 
Fifth Lumbai 
and First Sacral 

Fifth Lumbar 
and First 
Sacral 

Fourth and 
Fifth Lumbar 

Herniated disc 

31 

15 

16 

1 

4 

Spondylolisthesis 

3 

0 

3 

0 

0 

Collapsed narrow joint 

2 

2 

0 

0 

0 

Other anomaly 

2 

0 

2 

0 

0 

Osteo-arthritis 

3 

0 

3 

1 

0 

0 

Totals 

41 

17 

24 

1 

4 


expeuence a sense of stability by the third or fourth day Undue pain following operation 
IS laie, but, when it does occur, it is usually due to a hematoma In no case could it be 
determined that the nerve was affected by the excavation into the articular processes or by 
the trauma of inserting the bone block 

In one case, recurrence of symptoms was sufficiently seveie to justify leopeiation 
The loner margins of the bone block weie fused, the uppei maigins were not Vanous 
methods have been tiied to demonstrate more cleaily whether oi not fusion takes place 
Tantalum wue was passed tightly aiound the edges of the bone block in a few cases, and 
the ends were fastened by twisting The wiie localized the bone block in the postopeiative 
1 oentgenograms (Fig 4) Otherwise the graft is not disceinible, even m an oblique view 

Seventy-four cases were followed by loentgenogiams taken with the patient in foiced 
anteroposterior bending, a method described by Giantuico Since Cleveland, Boswoith, 
and Thompson described then "biplane roentgenographic test”, follow-up loentgeno 
grams have been taken in both the lateial and the anteroposterioi views of foiced bending 
(Figs 5-A to 5-D) In the first series, only 111 per cent showed the presence of pseudar- 
throsis in the fourth and fifth lumbar segments, and 2 per cent in the fifth lumbai and 
first sacral region An analysis of foity-one cases tested by biplane i oentgenograms is found 
in Table I These roentgenogiams were taken at the end of six months and aftei one yeai 
01 more 

Pseudarthrosis, as demonstiated by biplane loentgenogiams, was found in foui case- 
with fusion of the fourth and fifth lumbai veitebiae, while the same ioentgenogiaplu< 
technique seemed to have indicated that solid stabilization occuiied in all instances in die 
lumbosacral joint Fusion has depended almost solely upon the wedged bone blocks, occa 
sionally a few bone chips were added about the facets There aie no contia-indications to 
any additional measuies for reassurance of fusion, howevei, they lequire time and m u^e 
greater risk It is thought that the simple bone-block proceduie is entirely adequate ^ 
lumbosacral joint Fusion of the fourth and fifth lumbai vertebiae seems less ceitam 
additional bone chips packed about the denuded facet articulations offer greater securi i 

SUMMARY 

Lumbosacral fusion, must be considered in light of the newer concepts 
through surgical treatment of herniated intervertebral discs Structural faults rous^ 
re-evaluated Stabilization by fusion is still the tieatment of choice in 
stability, iriespective of the spectacular results obtained after removal of the disc 
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fusion Psoud ulhiosis, cspcci.dly of the fouiLli and fifth lumbai segments, has been found 
fipquontlv affci the icgulai types of fusion, and a special technique is necessary 

The technique dcsciibed foi accuiatcly impacting a moitised tiansfacet bone block 
iiiulci Intel laniinal distiaction has the following adyantages 

1 The pciiod of confinement m bed is inci cased yciy little oyei that lequired foi 
Minplo lemoial of a hci mated disc 

2 The fusion tccliniquc adds thiity minutes oi less to the time involved m lemovmg 
1 hoinialcd disc 

3 Tlicie IS a iiiininnini iniount of mutilation of the spinal stiuctures 
1 The aiticul u facets aic fused, which is of mechanical advantage 

5 The bone block iigidly stabilizes inteilammal motion, immediately aftei being 
(ounteisunk into position 

() Extension of the spmc aftci opeiation locks the bone giafts fiimlj’^ into position 
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DISCUSSION 

Dr David M Bosworth, New York, N Y In June 1947, Dr Cleveland, Dr Thompson, and I re- 
ported the mcidence of pseudarthrosis m our senes of lumbosacral spine fusions Comparable reports by other 
authors are possible only through the presentation of a similar number of cases and similar roentgenographic 
criteria of fusion (superimposable roentgenograms taken at the extremes of bending m two planes) It does 
not avail to emphasize the high mcidence of pseudarthrosis m the past as a standard of comparison for a new' 
technique of fusion, unless comparable evidence of fusion and pseudarthrosis is presented in support of the 
new technique 

The development of pseudarthrosis after lumbosacral fusion has not been discouragmg Some pseudar- 
throses are always likely to occur, but the percentage has gradually decreased over the years as new surgical 
means have been employed, based on bettei imderstandmg of the basic factors of bone growth and repair 
Of some 650 cases of lumbosacral fusion reported by us, about 3 per cent of pseudarthrosis developed when 
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ASPECTS OF PHYSICAL RECONDITIONING " 

’\I\RCUS J STET\ \RT, M D , MEMPHIS, TENNESSEE 

Conservation of manpov er and the gainful existence of the individual following ortho 
paedic mjuiies and disease aie attained not so much bj'’ the lestoration of function, as hi 
contmuallj’- preserv^mg function Thus, in the mitial treatment of fractures, reduction of 
the bone fiagments should not be pai amount, but rathei the decision as to the most rapid 
method of restoiing the vhole individual to a functionmg, economically solvent capacity 
Suigical lepaii and tieatment should be based on a piogiam vhich vill adequately im- 
mobilize the injuied pait, and at the same time maintain good tissue tiirgoi and a piopeih 
functionmg vasculai tiee, and allov eailj'^ active exeicise In opeiative cases, it is as much 
the surgeon’s lesponsibiht}’- to impiess upon the patient the impoitance of postopeiativo 
caie and piopei muscle le-education as it is to employ good suigical technique Each pa- 
tient vho faces moie than a few days of convalescence should be given a detailed schedule 
of active lehabihtation, — especially a piogiam of lemedial exeicises 


MILITAR1 REHABILITATION 


The need foi conseivation of manpowei in the Biitish Aimj'- duiing Woild Wai I gave 
birth to the first laige-scale systematic piogram of lehabihtation, under the guidance of a 
phj’-sical-tiammg mstiuctoi This plan thiived undei the dnection of Sii Robert Jones 
until the cessation of hostilities, it v as then abandoned for tv enty years However, at the 
beginnmg of Woild Wai II, the system was quickly levived and inaugurated m the British 
Arm}"- undei the guidance of the late Geneial Rowdey Biistow^ and m the Royal Air Force 
bj’’ Sir Reginald Watson-Jones and An Commodoie Osmond-Clarke The manpow'er sal- 
vaged by these rehabilitation centeis and convalescent depots was, no doubt, one of the 
big factois which enabled the Biitish to stand against seemingly insui mountable odds, and 
to stem the mitial tide of the Wai 

A ph^’^sical-tiaming coips w as established foi the British Aimy at Aldershot, England, 
in 1680, and has since then functioned contmuoiisl}’^ Fiom this coips, physical-tiainmg 
mstiuctoi s w'eie assigned to the vaiious hospital units of the Aimy and Royal Air Force, 
and, under close supervision and direction by the medical staff, they earned out their 
siipeib woik 

The British Convalescent Depot is the steppmg stone fiom hospital back to duty, and 
IS the antecedent of w hat has been established m the United States Aim}'^ Medical Corps as 
a Com alescent Center The British Rehabihtation Center w as formed for the conditioning 
of under-par mdiictees,- — the men w ho, in the United States, w ould be classed as 4-F or 
placed on limited dut 3 ^ Foi example, one of the British Centeis, early in 1942, had rc 
ceived and processed about 5,000 of these inductees The sj^stem of classification upon 
induction was to place a man m one of seven categories of physical fitness Of these 5, 
men undergomg a planned program of phj'^sical conditioning, postural exercises, an 
framing, the Bntish w eie able to raise the categorj’- of phj’^sical fitness in 85 per cent , an 
of these, 77 per cent w ere placed m A-1 classification ^ 

In the United States Aim}’- m the European Theater of Operations, the dire nee or^*^ 
steppmg stone from hospital to duty wms evident The initial 150-bed unit, w ic ' 
established late in 1942, had expanded by May 1945 to include a piogram of 13, 

for convalescent reconditioning This piogram alone i etui ned over 60,000 men to u 

Duimg the last j^eai of military operations m the European Theater, 15 to 2 
the total bed capacity w as devoted to advanced reconditioning Under this progra , 

* Read at the Annual fleeting of The \mencan ycademj of Orthopaedic Surgeons, Chicago, H >noi , 
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90 poi ccMit of the )) itu'nts \\oic icluincd lo duty, of the 90 pei cent , 83 6 pei cent were 
1) iKle c \su df les 

h'oi ON'imple, in i senes of men with back iniuiics, 415 patients weie tieated and 
studied Tlie injuiies uu hided 121 fiaduies of the spine, laiigmg in seventy fiom forty- 
one patients witli fi u tines of tlie tiaiisveise piocesses to twenty-seven wath compiession 
fiaetuies of tlie luinlni bodies These 121 patients spent an aveiage of 117 3 days in the 
hospital In tlie total senes aie included such cases as aithntis of the sacio-ihac joints, 
spondvlohsthesis uieoinplete s iciahzation of the last lumbai segment, myofascitis, and 
otheis \11 of these pitients weie placed on a piogiam of specific lemedial back exercises, 
e lined out In phvsical-tiaimng instiuctois undei the diiection of oithopaedic suigeons 
The 415 patients spent an aA eiage of 101 days fiom the date of mjiiiy until letuin to duty 
Of the total gioup, 92 3 pei tent letuined to duty m the Euiopean Theatei of Opeiations, 
of these, 57 8 pci tent letuincd to full militaij’^ duty, and 7 7 pei cent weie tiansfeired to 
othei hospit ds oi i etui nod to the Zone of the Intenoi 

Of the patients with chest injiiiy, 418 weie given a piogiam of special lehabihtation 
and studv 1 his gioup included sixty-ninc cases of compound gunshot w ounds penetiatmg 
the plcui al c i\ lt^ and lungs, 110 cases of hemothoiax lesulting fiom seveie contusion and 
other mjunes, twenty -thiec cases of pneumothoiax, and vaiious othei types of chest in- 
JU 13 ’’ All of these piticnts spent an aveiage of 112 days in the hospital undei active tieat- 
ment and a phnned piogiam of lehabihtation Of the gioup, 86 6 pei cent letuined to 
dutv m the Euiopean Theatei of Opeiations, 4 5 pei cent weie letuined to the Zone of the 
Intel lor, and 8 9 pei cent weie lefeiicd foi moic definite thoiacic suigeiy 

Thiee hundied and nine patients with fiactuie of the caipal naviculai w^eie tieated by 
plaster immobilization alone and letuined to duty The hand and wiist weie held in mid- 
ulnar and radial deviation, and doisiflexion of about 15 degiees, with the thumb and 
fingers m the giasping position This position of the wiist was maintained by plaster, 
which extended fiom one inch distal to the elbow to the pioximal palmai ciease, and as fai 
as the base of the thumb nail These men weie given a specific loutme of lemedial exei- 
cises for the affected hand, as well as geneial physical exeicises 

Aftei continual immobilization of two to fouiteen months (an aveiage of 4 2 months, 
depending to a gieat extent upon the location of the fiactuie), the lestoiation of function 
inquired an aveiage of only three and one-half w'eeks befoie full, noimal motion and 
stiength weie piesent in the hand and wiist 

These lesults in aimy lehabihtation weie not obtained because of the viitue of any 
given senes oi specific type of exeicises, but because exeicises weie enthusiastically taught 
and lehgiously executed in a sedulous and piogiessive manner 

INDUSTRIAL REHABILITATION 

A gieat deal has been accomplished by leconditionmg m the Aimed Foices and in the 
\ eteians Admmistiation Now^, mdustiy is lapidly developing piogiams of a similai na- 
ture In Britain, industiial coopeiatives, unions, and insuiance companies aie leclaiming 
untold manpowei In some Ameiican cities, insuiance companies and industiial oiganiza- 
tions are perfecting excellent piogiams Many leading medical colleges and umveisities 
have W'ell-advanced courses in piogiams of leconditiomng All mdustiies and insuiance 
companies are becoming aware of the value of reconditioning piogiams which include 
part-time employment Pai tial pay foi w oi k and accomplishment helps to elevate the in- 
dividual financialty and mentalty from the degiadmg compensation dole 

REHXBILITXTION IN PRIVATE PRACTICE 

The private patients of today, compared wuth those from the military service oi in- 
dustry, are, in many instances, suffering fiom the lack of pioper and thorough iccondition- 
ing Many doctors feel that they must have an elaborate therapeutic gymna ore 
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they can offer then patients good reconditioning This is a complete^’' erroneous idea As 
Watson-Jones points out, rehabihtation can be efficientl}’- practised m a barn with no 
appaiatus or gadgets 

It has been oui expenence that it is best to develop, first, improvement m tone, co- 
oidmation, and control bj’’ muscle tensing Then, non- weigh t-bearmg, weight-resisting 
exercises should be started, usmg one, tv o, five, and ten pounds of resistance in a pro- 
giessive manner until strength, enduiance, and agihtj’- leturn If more powei is desued, 
heavier weight lesistance is indicated, as advocated b}'’ DeLorme In most patients, the 
range of motion will return m direct proportion to the improvement of the musculature 
controUing that jomt 

At the Campbell Chmc, remarkable impiovement has been noted m manj'- patients 
with various mjiines, after a rather strict legimen of active muscle-buildmg exercises had 
been mstituted Impiovement has been most outstandmg m patients vith back mjuiies, 
both chronic and recent, the results in cases of knee injui}’’ have also been of stiikmg intei- 
est Three representative case reports aie cited 


Case 1 Mrs E G , fift3^-tliree 3’^ears old, fell fifteen feet when a stairway banister gave v a3" and she 
plunged to the floor She sustained a compression fracture of the mnth thoracic and second lumbar verte- 
brae, there were no neurological changes Under general anaesthesia, the fracture fragments were hyper- 
extended, reduced, and mamtamed m a plaster body jacket After three days, she was placed on a program of 
exercises for the lower extrermties and arms On the tenth day, she commenced back exercises m the plaster 
jacket At the end of three weeks, she could, by h3T)erextension, lift her head, shoulders, and the upper part of 
the cast off the bed forty-five times at one exercise period At the end of two and one-half months, the plaster 
was removed and the musculature of the back was found to be in excellent condition With the temporarj aid 
of a brace, she returned to her job and has worked without interruption or complaint 


Case 2 Mrs E R , aged thirty-eight, related a history of pain m her baek for ten years Since onset, 
there had been periods of remission and exacerbation, but she had never been entirely free from pam and 
disabilit3 S3Tnptonis v ere located in the lumbar region, but there was no sciatic radiation Examination re- 
vealed an mcreased prominence of the spinous processes of the lower thoracic and upper lumbar vertebrae, 
vith accentuation of the lumbar curve and a general mcrease in the thoracic kyphosis There was verj' little 
muscle spasm until motion was attempted, movement produced immediate fixation in flexion and extension, 
but lateral bendmg was possible to 50 per cent of normal Pressure on the lumbosacral joint was painful 
All leg signs were essentiall3’- normal, patellar and Achilles reflexes were normal Roentgenograms revealed an 
increase in the lumbar and thoracic curves, mth osteo-arthritic changes, Schmorl’s nodules, and evidence 0 
old juvemle osteochondritis 

The patient was given instructions m conservative care of her back, and was fitted with a low-back stee 
brace She did not wear her brace or follow instructions, but returned m one month with symptoms more 
severe than before She was admitted to the Hospital and v as placed on a firm bed, adhesive traction apr 
plied to both lower extremities, and heat treatments with gentle relaxmg massage were given to the oner 
back After four da3’s, back exercises were started She was discharged mne days later with explicit mstruc 
tions concermng her exercise program After sex weeks, she was free from pam and resumed normal actm y 

The patient was last seen ten months later and the follomng note n as recorded “Patient states that s^e 
IS remarkabl3^ improved and has had no pam in her back since beginning the series of exercises There is n^^ 
muscle spasm, pam, or tenderness at this time Range of motion is essential^’’ normal m all directions 
special leg signs and tests are normal She was instructed at this time in more vigorous exercises, an a vi 
to continue with the entire senes ” 


Case 3 F 0 , a male, aged fift3'-, gaxm the followmg history In December 1946, he fell an s 
knee on a concrete step Pam was not severe at the tune of injury, and he required only palliative rea^ 
Exammations for bone, cartilage, or ligament mjury were all negative Hon ever , effusion, mild p^n, 
articular reaction developed over a penod of weeks, and the knee became weak and unstab e ® ^ of 
seen m several nationall3’^ known dimes, and had been told that he should have an exploratoij ar , ^ 

the knee, but he had refused The condition of the knee grew worse, he became incapacitate an 
contmue Ins work even with the aid of a brace , no 

He was first seen by us in September 1947, examination revealed moderate e *!l„rrh nas very 

tenderness or ligamentous instabihty, but marked general laxity The musculature o e ^ against 
weak, and marked atrophy was present He nas unable to extend the orthntic changes 

graxnt3 Roentgenograms of the knee were negative except for earb’-, mild, hypertr p 
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V (h iKiiosis \Mis ni ulo of chronic tiiiuiniiUc synovitis ^\itii early arthritis The patient was placed on weight- 
n Mbling c\crci«cs foi the qiiadiicops and hamslrings At the end of one week, tone in the muscles showed 
excellent inipro\ cinent In six weeks, the knee had become asymptomatic A good musculature of the entire 
cxtrcmitj had developed, (here was no effusion, the patient could lift ten pounds of w eight seventy-five times 
with the quadriceps, and could climb stops with case At this time, lie returned to full employment 

Joslcs has leccntly pointed out the inipoitancc of establishing and maintaining good 
body mechanics with collect postuic, not foi a given exeicise peiiod, but for tw’^enty-four 
houis a da-s He stated that good postuic is found in “those emanating good health, confi- 
dence, couiage, and pcisonal cleanliness Good postuie is laiely associated with ciingmg, 
withdiiwn chaiattcis, with slow'-moviiig, weak, timid and dull individuals ” He also 
st itcd “Collect postuie is, theiefoie, a d^mamic concept involving piopei use of all 
muscles and indiiectly piopei position of internal visceiae” 

The tw 0 most essential steps in ichabihtatioii aie, hist, the piopei instituting of eailj" 
ictue exeicises, and, second, a conscientious and enthusiastic effoit on the pait of the 
doctoi to impiess the patient with the importance and necessity of caii 3 ang out such a 
piogiam Unless the piopei mental attitude and desiie foi lecoveiy aie w'ell established m 
the patient, leconditioning plans will be foi naught Wheie possible, exeicises for the m- 
X olved pait and deep bicathing should be taught piioi to suigeiy Aftei suigeiy oi mjui}", 
exeicises should be commenced as soon as the patient lecoveis fiom the anaesthesia, pio- 
vided theie aie no sx^mploms of shock, caidiac failuie, oi othei acute complications Imme- 
diately aftei aithiotoniy of the knee oi nailing of a fiactuie of the neck of the femui, foi 
example, exeicises of the aims and unaffected lowei extiemity, wotli deep bieathing, should 
be started jMuscle-tensing exeicises should be started on the affected extiemity on the 
hist postopeiative day The patient nia 3 ' be allowed to sit up at this time, but ambulation 
IS not necessary oi indicated 

Recumbenc 3 ’’ and lack of active exeicisc aic conducive to a multitude of ills, — pooi 
ciiculation, embolism, pulmonary and caidiac congestion, osteoporosis, and poor callus 
The metabolites of combustion in the tissues of the bod 3 ’-, especially in the muscles, un- 
doubtedl 3 '' pla 3 ’’ a moie important part in the piopei healing and recovery of tissue than has 
evei been explained Dock states “Thrombosis is the most frequently fatal sequal of com- 
plete bed lest, and the common cause of serious pulmonary complications Hypostatic 
bionchopneumonia is second m frequency, and is a more complex problem in which re- 
cumbenc 3 '’ plays a contiibutmg role of gieat impoitance ” It is also known that nitrogen 
balance can seldom be established, even xvith a high-piotem diet, in the face of inactivit 3 '’ 
and lecumbency Zava lepoited 6,000 patients opeiated upon, who w^ere alloxved out of 
bed on the first postopeiative day, wathout a single case of embolism Leithauser is given 
much credit foi fuitheimg eaily ambulation In 1943, he reported 900 cases in xvhich the 
patients weie allowed out of bed m an average of 1 3 days, and out of the hospital m foui 
days Theie weie no cases of pulmonar 3 '’ oi othei emboli He stated that a common ex- 
planation for the presence of complications is “He got up too soon, but in reality, he got 
up too late’’ A large piopoition of the fatal cases of embolism occur about the thirteenth 
day, or soon aftei the patient rises from a piolonged stay in the lecumbent position 

Kummell advocated getting patients out of bed on the first postopeiative day, 
following celiotomy Pool stated m 1913 that he had had his own appendix removed 
and had commenced exeicise on the thud postoperative day, he had begun early ambula- 
tion wath excellent lesults He stated “All movements of the limbs should be performed 
with voluntary musculai lesistance’’ Pool contmued, foi the rest of his life, to be a strong 
advocate of eaily active exeicise 

In 1930, Mermmgas reported allowung his patients to w^alk from the opeiatmg room 
after undergoing appendectomies under local anaesthesia Blam stated m 1946 “At our 
Clinic in the past three yeais, no patient getting out of bed wathm one or txvo days follow- 
ing operation has succumbed to pulmonary embolism, evisceration or other senous compli- 
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cation "We ha\ e found that the distiessmg sequelae follow ing opeiation, such as gas p ini', 
constipation, i\eakness and uiinai}’- letention, have been eliminated in these patient-. 

Opiates, sedatives, laxatives, stomach intubations and bladdei cathetenzations ha\o 
all but di'^appeaied fiom oui post-opeiatn e oidei sheets foi the majoiity of siugionl 
patients 

Ghoimle^ pointed out that, although the pathological phj^siologj^ of atiophy is not 
undeistood, it occuis fiom piolonged lest, and theie is not only bone involvement, hut 
imolvement of all the soft tissues as well Noimally, tendon sheaths and fasciae aie 
smooth, glistening, and piesent a gliding suiface, but m aieas w hich have been immobilized 
foi a peiiod of time, the opeiating suigeon finds that the muscle suifaces aie dull and 
anaemic, and that the de'i elopment of adhesions is noticeable 

Some of Di Chandlei’s patients, who had had fusions of the lumbosacial joint, weu' 
lecentlj^ seen bj^ the authoi, they weie sittmg up in bed on the thud postopeiative da\ 
and weie out of bed on the fifth dajq leaving the hospital on the nmth oi tenth day 

Entiiely too much time and effoit have been spent m ti jung to convey the impoitancp 
of a specific t 3 ’-pe oi senes of exeicises The paiamount objective should be to teach the 
patient the impoitance of sj^stematic and legulai exeicises The initial step is the lesponsi- 
bihtj of the suigeon foi the oiientation of the patient, not onl}’- with the piocediue, but 
also with the objective and goal 

The ideal stepping stones to ph 3 '^sical leconditionmg of the patient aie 

1 An enthusiastic desiie on the pait of the patient and the doctoi to attain and 
mamtam the best possible function of the affected pait and of the whole body, 

2 The acceptance of a piogiam of eail 3 '-, active non-w eight-bearing and weight- 
lesistmg exeicises, iehgiousl 3 ^ executed, 

3 Intelligent and s 3 ’-stematic deep bieathmg, w ith conscientious maintenance of good 
postuie, 

4 The apphcation of heat, massage, and special appaiatus in selected cases 

The doctoi and the ph 3 ’-sical instiuctor must gam the patient’s complete confidence 
and cooperation, the ke 3 'notes should be patience, sinceiity, enthusiasm, and optimism 
The patient should be taught tliiee impoitant phases of muscle lehabihtation (1) contiact- 
mg, (2) sustained contiactuie, and (3) complete lelaxation The objective should be 
w'hat is commonl 3 '’ leferied to as dxjnamic physical leconditioning, oi dealmg wutli the 
specific theiapeutic need of the mdividual, m contiast to ph 3 ’^sical reconditioning, wdnch 
lefers to general cahsthemes 


Strickland and Moigan quoted McClo 3 ' as statmg, m an address on leconditionmg 
dehvered m 1944 “It has been found b 3 ’' expeiimentation m the ph 3 '^siological laboiator} 
that an mdividual capable of enduimg 18,000 kilogiam-meteis of work in a given time 


without lest, aftei tw o w eeks’ inactivit 3 '’, in wdiich time he is w alkmg ai ound but doing no 
othei exeicise, will letiogiess until he has the ability to do onl 3 '' 8,000 kilogiam-meters of 


w oik m that time ” 


Theie is no longer an 3 '- question as to the impoitance oi piactical value of eaily active 
exeicises, eail 3 ’' ambulation, and weight-iesisting exercises Theie is, however, a great 
diveigence of opmion as to what t 3 'pe of activit 3 '' is best and how it can be executed mos 
effectivel 3 ’' The need foi an investigation of these questions is evident, in order that a 
yardstick oi piactical guide to leconditionmg and eail 3 ’’ ambulation for orthopaedic m 


Junes and diseases ma3’ be foimulated 
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DISCUSSION 

Tuaxsiaclt Bone Block Fon Luaibosacral Fusion 
(Continued from page S9S) 

the fifth lumbar intcnal alone was bridged The percentage rose roughly to 17 when the fourth and fifth 
lumbar intervals w ere crossed Latei cases in the senes show ed a low ering of this percentage to about 12 w hen 
the last two lumbar intervals were spanned The development of surgical technique has made a considerable 
difference in the percentage of successes, but mainly through the use of more finely divided graft matenal, 
material of more cancellous nature, and through the use of procedures which better stabilize the region 

Among the G50 patients operated upon, approximately 1,300 spinal intervals were crossed with an inci- 
dence of pseudarthrosis of 12 per cent Since 1940, all lesults have been checked by superimposable roentgen- 
ograms and, although our technique has improved and more solid ankyloses have been obtained, the reporta- 
ble pseudarthrosis rate has risen This is directly attributable to the better knowledge gamed by the use of 
such roentgenograms, in the future, no results should be reported which are not based upon them Curettage 
of the facet area, followed by graft implantation, was not carried out in our senes Reports on a similar series 
by Dr Alan DeForest Smith, m which the facet area was cuietted and grafted, showed essentially the same 
percentage of pseudarthrosis Hence w e prefei to leave the facets intact, to provide a normal stabilizmg mech- 
anism in case pseudarthrosis develops 

It w ould have been somew hat difficult to use Dr McBride’s technique m many of the spines w^e have 
seen Distraction he undoubtedly can obtain, but permanent stability of the grafts (beyond two or three 
weeks) might not be present routinely I believe that lately he has been using considerable supporting giaft 
matenal, after placing his blocks in the facet region to pioduce distraction His ideas are logical and the re- 
sults may be good 

Such future advance as may occur in the art of spine fusion at the lumbosacral angle wall probably not 
be the result of surgical techniques Further development of know ledge of the factors favonng bone growth 
and repair, both local and general, wall undoubtedly help to reduce the percentage of pseudarthrosis 


VOL 31-A NO 2 APRIL 1949 



PSEUDARTHROSIS FOLLOWING SPINE FUSION * 


BY TVABTEK A L THOJIPSON, M D , NEW YORK, N Y , AND 
EDGAR L RALSTON, jSI D , PHILADELPHIA, PENNSYLVANIA 

From the New York Orthojiaedic Dispensary and Hospital 

In 1911, Hibbs^^and Albee^ published descriptions of their respective opeiations foi 
fusion of the spine Since then, improvements and modifications of the original techniques 
and additional types of opeiations & 9 lo n is 21 2s 26 29 32 46 47 49 52 56 bo have been 

piesented, as veil as the application of these nev suigical procedures m the tieatment of 11 
\nde vanety of diseases and defoimities of the spine The choice of the pi ocediue 

foi spine fusion in the treatment of these imiious clinical conditions has occasioned much 
debate since the fiist desciiptions iveie published The value of spine fusion in the tieat- 
ment of tuberculosis of the spine * ® 21 30 31 41 44, 48 so *7^ of SCOllOSlS 

and of mstabihty in the lumbosacial spine especially following disc 
removal® ^ '® ®®, has been questioned Fiom its widespiead use in orthopaedic piactice 

today 2 4 IB H 23 27 51 55 58^ jg g-^rident that some success has followed this opeiation 
as applied m the past 

It IS not the purpose of this paper to entei into a discussion of the indications foi and 
the value of spine fusion The authois are concerned with the basic question involved 
Does this procedure result in fusion of the spine*? Bj'' fusion, the authors mean the fixation 
of the spine by a continuous column of bone which allows no motion in any plane of the 
bod}^ throughout the vertebral segments involved It has never been completely ascei- 
tamed ® how often spme fusion successfully occurs following this operative 

procedure, and to ansn er the question, an end-result study of the spine-fusion operation 
has been carried out 


MATERIAL FOR STUDY 


AH cases of spine fusion performed at the New York Orthopaedic Dispensary and 
Hospital from 1936 through 1945 have been reviewed Dm mg this period, spine fusion 
was performed on 1250 patients Of this number, 154 patients were not followed for one 
year after the operation and have been excluded from the study Of the 1096 patients 
who have been followed, the results of operation aie known, by this we mean that each 
patient has had repeated clinical examination and roentgenographic study foi a year 
01 more aftei opeiation Multiple-stage procedures weie performed m man}'’ cases In the 
cases folloved, a total of 1504 spine-fusion pioceduies have been carried out 
The Hibbs technique of spine fusion has been used in all of the cases ” 

The results shown heie lepiesent the efforts of the most expeiienced staff members, as 
well as those of surgeons performing then first spme fusion, under supervision Althougi 
the Hospital staff has employed minor variations m technique, the technique of 

being performed at the Hospital includes certain definite standardized steps os 


now 


operative care, including immobilization, has also been geneially standaidized An a 
tempt to secure internal fixation has been considered a sufficient departure from t e usua 
techmque to v arrant separate analysis There were no operatixm deaths during the perm 
of this study The number of cases represented m each group are shown in Tab e 

DIAGNOSIS OF PSEUDARTHROSIS 

The diagnosis of pseudarthrosis w as made after consideration of the clinical picture a 

* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, 
Januarj 27, 194*1 
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loonlgonogiaphu' findings Localized pain and tenderness, and the progression of de- 
foiinitv 01 disease, Mlien picscnt, aided m the establishment of the diagnosis Study of 
1‘iteial locnlgcnogiams of the fusion aiea, Avith the patient first in the flexed and then in 
the oxlendcd position, has been especially useful In ceitain cases the diagnosis of pseud- 
iilhiosis could not be made until the fusion aiea had been suigically explored Explora- 
tion uas aluays advised when anj’’ doubt existed as to the state of fusion Relatively few 
of the patients in wdiom pseudaithiosis w'as suspected w'eie unwalhng to submit to e\- 
ploi ition when it was suggested The thoioughness of the seaich for pseudarthi osis in 
thc‘'e iiatients is sliowm by the fact that, in tw'enty-thiee patients who underwent ex- 
jiloi ition, a solid fusion was found Foi this leason the authois feel that there were very 
few pitients m the cntiie gioup of lOOh cases m whom the status of the fusion was ques- 
tionable 


incidence of pseudarthrosis 

Scoliosis (Table I) 

Duimg the peiiod of this study, 370 patients with scoliosis undeiwent spine fusion 
and have been followed foi at least one yeai after removal of the final jacket A total of 
744 piimaiy opeialive pioceduies weie earned out 

Of this gioup of patients, the diagnosis of pseudaithiosis at one, oi more than one, 
level was made m fifty-nine Thus, fusion failed in 15 6 pei cent of all the patients wath 
scoliosis who undeiwent the operation, oi in 7 9 pei cent of all the operations performed 
In fifty-one patients, the diagnosis w'as confirmed at exploration In the remaining eight 
patients, the diagnosis w'as made only bj'’ clinical and loentgenogiaphic study In this 
group, pel mission for exploiation w'as denied, but the evidence w'hich was obtained indi- 
cated the piesence oi the possibility of pseudaithiosis, and these patients have been 
included m the group to illustrate failure of fusion 

Fifty-one patients undenvent repair of the fusion defect Exploration foi pseudar- 
thi osis W'as peifoimed in fourteen more patients, and solid fusion w'as found The clinical 
features of pain and localized tenderness, and loentgenogiaphic evidence of fusion defect 
and loss of correction, W'ari anted such exploration Thus, of the group of sixty-five pa- 
tients who underw'ent exploration for pseudarthrosis, the preopeiative diagnosis w'as 
confirmed in fifty-one, or 78 4 per cent of the cases 

Lumbosacral Fusion 

This group includes all cases of lumbosacral fusion fiom the fifth lumbar vertebra 
to the sacrum, and from the fourth lumbar vertebra to the sacrum Fusion for spondy- 
lolisthesis and fusion wuth the use of internal fixation are treated separately Exploration 
for hermated disc is now' done w'lth little or no sacrifice of lamina, thus, the technique of 
the Hibbs operation does not need to be altered greatly w'hen combined with disc exploia- 
tion The combined type of operation has been included in this group because it is felt 
that the operation, as it is now' performed, w'ould have little or no effect on the incidence 
of pseudarthrosis This was not true during the early days of the development of this 
operation, when a great part of the lamina w'as sacrificed The operation, as it is now' 
performed, has been done since 1940, statistics applying to the four years in which the 
more extensive type of exploration was done have been included in this study 

Four hundred and thirty patients wnth fusion from the fourth lumbar vertebra to 
the sacrum, or from the fifth lumbar vertebra to the sacrum, with or without exploration 
for a herniated disc, have been followed during this period, and the results of operation 
are known Of this number, the diagnosis of pseudarthrosis has been made in sixty pa- 
tients, or 13 9 per cent of all the cases followed In fifty-one patients, the diagnosis was 
confirmed by exploration, and the defect was repaired 
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TABLE I 


IVCIDEXCE OF PSEUDARTHROSIS AFTER SpINE FusIOX 


Condition 

Xo of 
Patients 

No of 
Operations 

Failures 

Patients Operations 

{No ) {Per cent ) {Per cent ) 

Scoliosis 

376 

744 

59 

15 6 

7 9 

Lumbosacral fusion 






Fifth lumbar to sacium 

261 

261 

20 

7 6 


Fourth lumbar to sacium 

169 

169 

40 

23 6 


Lumbosacral fusion (wnth internal fixation) 






Fifth lumbar to saci um 

41 

41 

5 

12 1 


Fourth lumbai to sacrum 

49 

49 

27 

55 1 


Spondylolisthesis 

65 

65 

9 

13 8 


Tuberculosis 

101 

141 

21 

20 7 

14 S 

Miscellaneous 

34 

34 

1 



Total 

1096 

1504 

182 

16 6 

12 1 


Nine patients m this gioup lefused exploiation foi pseudai thi osis Clinical and loent- 
genogiaphic findings, suggestive of failuie of fusion, wairant their inclusion in this gioup 
uith pseudai thi osis 

Eight patients undeiwent exploiation foi pseudai thi osis, and solid fusion was found, 
thus, of the fifty-nine patients who undeiwent exploiation, with the pieoperative diagnosis 
of pseudai thi osis, confiimation of pseudai thi osis was found at opeiation in fifty-one, oi 
86 4 pel cent 

Of the 261 patients who weie included in the gioup with fusion fiom the fifth lumbai 
veitebia to the sacium, with oi without disc exploiation, the diagnosis of pseudarthiosis 
has been made in twenty patients, oi 7 6 pei cent of the cases foIlow’’ed Of the 169 pa- 
tients who undeiwent fusion fiom the fouith lumbai vertebia to the sacrum, pseud- 
ai thi osis developed in forty, oi 23 6 pei cent of the cases follow^ed The figures slioiin 
heie aie e^ idence of the inci eased iisk of pseudai thi osis, w'hen the fusion is extended fioni 
the sacium to the fouith lumbai veitebia, lathei than to the fifth 

Of the foity cases of pseudai thi osis which occurred in the gioup wuth fusion fiom flic 
fouith lumbai veitebia to the sacium, thiity showed fusion defect at the level of the 
fouith to fifth lumbai veitebia, seven at the lumbosacral level, and, in tiiiee cases, pseud 
ai till OSIS de^ eloped at both levels 


Info nal Firahon 

In an attempt to allow eaity ambulation aftei spine fusion, the emplo 3 mient of sonic 
t^pe of lilt ei nal fixation has been added to the usual technique of spine fusion^''' 
this Hospital, it has been attempted b 3 ’- peifoiming the usual type of opeiation and, m 
addition, b 3 ^ diiving a stainless-steel machine sciew of piopei length acioss each of < >' 
apoph 3 ’'seal joints involved in the fusion The patient is allowed out of bed at the enc o 
two 01 thiee weeks, and no attempt is made to employ external support ' 

Foity- nine patients in whom this technique was employed have been followed, eaci 
with fusion fiom the fouith lumbai veitebia to the sacium Pseudai tin osis develope 
twenty-seven patients, oi 55 1 pei cent of the gioup The diagnosis was confiime 
exploiation in nineteen cases, and lepaii was attempted Of foity-one patients m w 

» Recenth , some type of external support, usuallj a plaster jacket, has been aptyed 
several days after operation and has been maintained from six to twelve weeks The patients 
mamed in bed during this period 
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(he fifth lumlvii vcitcbia was fused to the sacium and mtcinal fixation was employed, 
fnihu e of fusion developed in five, oi 1 2 2 ]iei cent of the cases In foui of these, the 
pscudailhiosis lias been confiimcd by cxploiation 

Spondyloltsthcsts 

This RiouiD has lieeii considcied sopaiatelv because of the degiee of instability of the 
nn oh ed \ ei (ciiiac found in sucli cases Sixty-five patients in whom fusion was attempted 
h.n e been follow ed dm ing this pei lod In seven patients, fusion w^as fiom the thud lumbai 
\cilebi 1 to (he sicium In the otheis, fusion was fiom the fouith lumbai veitebia to the 
vicium Thcie w is faihiie of fusion in nine patients, oi 13 8 pei cent of the cases folio w^ed 
Tiiiee pi(icn(s show'ed fiiiuie of fusion both at the level of the fouith to fifth lumbai 
leitcbiae iiid a( (he lumbosacial level Foui showed faihiie at only the level of the fouith 
(0 the fifth lumbai veitobiae, and (wo showed faihiie a( onlj’" the lumbosacial level In 
two patients in this gioup, exploiation was earned out foi suspected failuie of fusion, and 
solid union was found 

Fasioa/o) Tribcicidoi^ts 

The post opei alive caic m these cases has vaiied accoiding (o the indications in the 
individual patienl Bed icst and some foim of exteinal suppoit, eithei a spine brace oi a 
plastei picket mcoipoialing both (highs, has been maintained until aiiest of the disease 
w as ei ident 

Dining the peiiod of this study, 101 patients wath spine fusion foi tubeiculosis weie 
followed foi at least one yeai aftei opeiation, and the lesults of the opeiation are known 
A total of 141 piimaiy opeiative piocediues w^eie peifoimed m the cases followed In 
twenty-one patients pseudaithiosis developed at one, oi moie than one, level Thus, in 
20 7 pel cent of all the patients followed, oi 14 8 pei cent of all opeiative pioceduies, 
failuie of fusion has lesulted The diagnosis has been confiimed bj’- exploiation in eighteen 
patients, and the defect has been lepaned 

Foui patients undeiwent exploiation foi wdiat w'as thought to be a fusion failuie, but 
solid union w^as found 

Mxscdlancous Gwiij) 

In this gioup aie included cases of fusion foi old fractuie, localized osteo-aithiitis 
at othei than the lumbosacral level, and cases of wedging loiind-back Thirty-four pa- 
tients who undeiwent fusion weie follow^ed during this period One patient show^ed failuie 
of fusion at the level of the tw'elfth thoiacic to the fiist lumbai veitebia, this has not been 
icpaned 


nXTRA BONE 

Fiequently, because the usual technique did not supply enough bone to ensuie fusion, 
the buigeon has used additional fiesh autogenous bone This has been obtained fiom the 
ilium 01 fiom the tibia 

Of the gioup of patients fused foi scoliosis, extia bone w^as used m seventy-foui , 
pseudaithrosvs developed in thuteen of these patients, or 17 5 pei cent Thus, the incidence 
of occurrence of pseudarthi osis is slightly gieatei m this group than in the entire group 
fused for scoliosis Extra bone was used in forty-twm patients fused foi spondylolisthesis 
In SIX patients, oi 14 2 pei cent of the gioup, pseudaithiosis developed In tivelve patients 
in whom fusion was fiom the fouith lumbai veitebia to the saciiim, and in five patients 
in wdiom fusion w'as from the fifth lumbai veitebia to the sacium, additional bone from 
the ilium w'as added Pseudarthrosis developed in twm of the fiist gioup and in none of the 
latter group 


VOL Sl-A, NO 2 APRIL 1949 



404 


W A L THOJIPSOK- AND B L RALSTON 


SUMJIARY 

A study of the results of all spme-fusion opeiations performed during the ten-yeai 
peiiod fiom 1936 through 1945, at the New York Oithopaedic Dispensary and Hospital 
shows that, of the 1096 patients followed at least one j’-ear from the time of spine fusion 
the incidence of pseudai throsis has been 16 6 pei cent 

The diagnosis of pseudai thiosis can be made, in most cases, after careful clinical and 
loentgenogiaphic evaluation In a smallei gioup of cases, the diagnosis vnll not he defi- 
nitelj’^ established until the aiea of fusion has been explored 

The benefits of the operation of spine fusion foi an 3 ’- disease oi deformity of the spine 
cannot be deteimined except in patients in whom a successful fusion has been definitely 
obtained 
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INTRA-UTERINE FRACTURES OF THE TIBIA AND FIBULA 
Report of \ Case 'utth Correction by Osteotomy and Plating 

BY GEORGE R DAWSON, JR , M D , FLORENCE, SOUTH CaROLIN \. 

From Roper Hospital, Charleston, South Carolina 

Intia-uteiTQe fiactuies maj'- occui in seveial waj’-s The fiist suggestion is tiaum.i 
duiing piegnanc}’- Mith indiiect mjuij’^ to the foetus Amniotic snaring off is anothei 
possibdity, and uas definite^ the cause in the cases of Gianzon and Koch 

Diseases of the foetus to be considered in intia-uteiine fiactuie aie (1) osteogenesis 
impeifecta, (2) chondrodystiophies, and (3) S3’^phihs Roentgenogiams shomng lepaii of 
a fiactuie m normal bone should rule these out Theie have been manj'^ lepoits of patho- 
logical mtia-uteime fiactuies, foi example, Snure leported ovei two bundled in cases 
of osteopsathjuosis A loentgenogiam taken the fiist daj'' oi two aftei biith, showing 
eithei healing of normal bone oi evidence of some bone lesion, would lule out an oli- 
stetncal fiactuie 

The ciiteiia foi a tiue intia-uteiine fiactuie of noimal bone aie loentgenogiams 
show mg absence of disease and noimal lepan of a fiactuied bone These films should be 
taken soon aftei bath, since callus foi ms so quickly in the neivboin that loentgenogiams 
taken even a week aftei dehveiy ivould not lule out a biith fiactuie 

CASE REPORT 

A white male babj (Xo 34142) was seen on May 20, 1942, one daj after delivery The deliver} iiid 



Fig 1-A 



Fig 1-B 

lentgenograms taken on May 23> 

: daj^ after birth The line of the nt^ 
ne fracture at the junction of t . 
nuddle thirds of the left tibia is 
jrated It can be seen in the late 

not in the anteropostenor 

ure line in the fibula has been P 

crated Posterior bowing at the fmci 

,s 40 degrees in the lateral ^opo„ 
al bowung is 20 degrees in t^^"^^ngth 
r view Bone texture is norma 
e nght tibia is 6 centimeters, tlia 
ibia IS 4 5 centimeters 
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Fig 2-V 


Fig 2-B 


Roentgcnogrims t ikeii on Vugusl 19, 1942, U\o days nftei opeiation and three months after birth 
The bowing at the site of intia-utcunc fiactme has been coirected completely, but a greenstick fracture 
IS present at the ujipcr sei ew , w licrc postei loi bow mg is 15 degrees and medial bow ing is 20 degrees The 
lower end of the plate is 0 eontimcti is from the pioximal tibial epiphjseal line and 0 3 centimeter from 
the distal tibi d cpiphjscal line 



Fig 3-A 


Fig 3-B 


Roentgenogiams taken on August 21, 1947, five years after osteotomy At the site of the intra-utennc 
fracture, the medial bowing has decreased to 12 degrees Length of the right tibia is 18 6 centimeters, 
that of the left tibia is 17 8 centimeters 
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Fig 4-A 


Fig 4-B 


been an easy one Physical e\amination 
showed a normal baby except for the loner 
extremities Calcaneovalgus nas present bi- 
laterally The left leg was bowed 40 degrees 
clinically at the junction of the lower and 
middle thirds of the tibia and fibula This 
accentuated the calcaneovalgus to such a 
degree that the foot lay against the anterior 
surface of the leg The foot could be plantar- 
flexed from ex ti erne calcaneovalgus to 80 
degrees Roentgenograms taken three days 
after birth (Figs 1-A and 1-B) show ed a faint 
fracture line and considciable thickening at 
the junction of the lower and middle thirds 
of the tibia Extreme postenor bowang was 
present in the lateral xuew , and slight medial 
bowang was present in the anteroposterior 
view Climcallj'^, the postenor bowung of the 
low er portions of the tibia and fibula looked 
much worse than it did by roentgenogram 
The Wassermann reaction and other lab- 
oratoij findings were negative 

The diagnosis of intra-uterine fracture 
of the low er portions of the tibia and fibula 
was made, as fiom the normal bone texture 
seen in tlie roentgenograms, other diagnoses 
seemed remote Since the fracture line was almost obliterated, it was estimated that the fracture had taken 
place between two and thice wcel^^ before deliverj' There was no history of a fall or of otlier injury to the 
mother The films were reviewed by Albert Ferguson, M D , who confirmed the diagnosis of intra-utenne 
fracture 

The bilateral calcaneovalgus was corrected easily by application of a senes of four plaster casts 
Roentgenograms, taken when the infant was six weeks of ago, showed posterior bownng of 35 degrees 
at the junction of the low'er and middle thirds of the tibia and fibula, and medial bowing of 25 degrees A 
corrective osteotomy was performed at twelve weeks of age at the apex of the posterior bowung, one inch 
above the distal tibial epiplij^seal line Wlien the postenor bowung had been corrected, there w as a V-shaped 
gap with the open part of the V forward The postciioi bowing w as corrected entirely and the medial bownng 
was almost fully corrected The position wms held by a small forearm plate and four screws of 18-8 SMo 
stainless steel 

Postreduction roentgenograms (Figs 2-A and 2-B) show'od both the posterior and medial bowing to 
be corrected, however, there w as 20 degrees of medial bowing at the site of a greenstick fracture w hich ha 
occurred at the upper screw Convalescence w as uneventful 

Roentgenograms taken when the child was five yeais of age (Figs 3-A and 3-B) show'ed that the po^ 
tenor bowing had lemamed corrected, the medial bowung at the site of the intra-utenne fracture had cc 
creased to 12 degrees At the age of five and one-half years, the patient’s left leg looked normal (Figs 
and 4-B) 


Photographs taken m Septcnibei 1947 The medial bow- 
ing of the left tibia is not noticeable clinically The left 
tibia IS 0 8 centimeter shorter than the right, as measured 
m the anteroposterior roentgenograms 
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Ferguson, A B Personal commumcatioii 

Granzow, Joachim Intrautenn erw'orbene, komplizieite Spontaiifiaktur des Unteischenkels dvirci an 
niotische Strange Zentralbl f Gynak , 54 2699-2702, 1930 

Intrauterine Spontanamputation eines Unterschcukels bei komphziertei po" 
fraktur des anderen Unterschenkels Zentralbl f Gynak , 55 3458-3461, 1931 
Koch, Karl Ein Beitrag zur Pathogenese der mtrautennen Frakturen Monatschr f Geburtsh u yna > 
101 11-16, 1935 „ _ 

SuHTH, R R Intra-Uterme Fracture Report of a Case and a Review' of the Literature Surg , 

and Obstet , 17 346-356, 1913 -Radiology, 

Snure, Henri Intia-Uterine Fracture Case Report and Review of Roentgenologic Findings 

13 362-365, 1929 
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MUSCLE TRANSPLANTATION FOR TRICEPS PALSY 

'I’m TnciiNiQui of Utilizing the Latissimus Donsr * 

in PAUL II HARMON, M D , OAKLAND, CALIFORNIA 
/ rnm the Dcpartmcfit of Orthopaedic Surgery, Permanenie Foundation Hospital, Oakland 

VUliough the tuceps is not a key muscle in the aim, the loss of its use is reflected in a 
\ u\mg degree of ataxia in the upper extremity This is paiticulaily noticeable m persons 
who ha\e other muscle paralyses or w’ealeness m the same extremity, — for example, those 
sulTeiing from the after -effects of poliomyelitis, and others who have triceps weakness com- 
bined with vaiious types of weakness affecting the hngei flexors The latter conditions are 
commonly seen m persons w’ho have had a combination of injuries to the radial and ulnar 
neives oi to the ladial and median nerves A strongly functioning triceps is required tor 
the effective use of dutches, and extension of the entire upper extremity is impaired by 
w^eakened or absent foieai m extension due to triceps pals 3 ’- It is desirable to have numei ous 
possibilities for suigical rehabilitation of the upper extremities 

Muscle transplants for strengthening forearm extension have not leceived sufficient 
attention, as manj’’ orthopaedic surgeons consider the disability due to isolated tiiceps 
palsy as mmimal, because of the favorable effect of gravity in securing elbow" extension 
m manj" positions of the upper extremity Obei and Ban have proposed posterioi trans- 
plantation of the muscle belly of the biachioiadiahs for tiiceps palsy Unfortunately, many 
of the patients wlio desire the strengthening of extension at the elbow also have iveakness 
or paiah sis of the biceps and biachioiadiahs On the other hand, in patients demonstrating 
the after-effects of poliomyelitis, the latissimus dorsi may be intact This muscle is ideal 
for substitution of the tiiceps foi the following reasons 

1 It often IS of normal or neaily normal strength m persons who have weakness of 
the triceps and other arm and foreaim muscles, 

2 Its tendon and distal muscle fibers can be mobilized medially for a distance of 
SIX or more inches, 

3 The nerve supply of the latissimus doisi (the thoracodorsal nerve) is a free-lying 
trunk, from five to seven mches (12 5 to 17 5 centimeters) m lengthf, which is highly 
mobile and easily identified, 

4 The blood supply of the latissimus doisi enters from a wide zone in the proximal 
thud of the muscle, 

5 The operation of mobilizing the tendon of the latissimus doisi and transferring it 
to the aponeurosis of the triceps is accomplished in a single, relatively restricted area in 
the posterior upper two thirds of the arm (Fig 1) 

OPERATIVE TECHNIQUE 

The operation is earned out -with the patient lying on his side m a slightly anteiioi 
oblique position, with the mvolved extremity uppermost The skm incision (Fig l,a) 
begins one inch posterior and below the posterior inferior aciomial tip, extending laterally 
foi tw"o inches and then downward over half the length of the upper portion of the aim at 
the posterior mid-hne The deltoid, latissimus doisi, teres majoi, and the long head of the 
triceps are readily identified, smee these are the muscles which give substance to the 
posteiioi axillary fold The latissimus dorsi (and, if necessaiy, the teres major) is easily 
detached fiom its mseition into the medial bicipital ridge of the humerus, it is then 

* This study was aided by a grant from the National Foundation for Infantile Paralysis, Inc 

t Measurements made by the author on thirty-three cadavera 
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Pig 1 

Diagrammatic lepiescntation of suigical technique of tiansfeirmg the latissimus domi and teres 
majoi into the triceps aponeuiosis foi the purpose of lestoiing extension of the elbm\ m triceps pa J 
Inset a, the skin incision Inset b, position of immobilization m the east 


freed of loose connective tissue, and is diiected dovntvaid in line with the long head of 
the tiiceps, and fixed to the tiiceps aponeuiosis vith inteiiupted non-absoibable stitc es 


ig j.; j 

Caution should be obseived when fieeing the latissimus doisi fiom its inseition an^ 
in the dissection immediately pieceding and following this pioceduie The uppei poi 
of the radial neive lies just anteiioi to the tendons of the latissimus doisi and t e 
majoi The tiunk of the ulnai neive and the axillaiy aiteiy and veins aie m . 

ity, slightly moie anterioi at this same level Attention should also be given o 
tures which emeige fiom the quadiilateial space (posteiioi ciicumflex vesse s, a 
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Fic 2-V Fig 2-B 

Vppcaiaiicc of the iiaticnt piioi to tiansplantation of the latissimus doisi and tcics niajoi 
Fig 2-A Showing inabilitj to maintain e\tcnsion of the left elbow 

Fig 2-B Showing the onlj position in which boj could balance the foicarin on the aim m semi- 
extension 

neive and its blanches, including the lateial biachial cutaneous neive) by avoiding this 
area This can easily be done by keeping the dissection deep and distal in relation to the 
posteiior deltoid maigin When the posterioi deltoid is ati opine, these structures aie moie 
likeW to be encounteied 

The lepoit of an ideal end lesult fiom this opeiation is desciibed below In this case 
both the latissimus doisi and the teies majoi weie utilized foi the transplantation 

D L M , aged ten, had an almost complete paialysis of the left triceps and lack of true opposition of 
the left thumb, tw enty-tw o months aftei an acute attack of poliomyelitis The patient w as unable even to 
initiate elbow extension in any position of the upper extremity except in the arm-at-side position (Fig 2-A) 
This distribution of paralysis had been stationary foi the preceding sixteen months Other muscles of the 
left upper extremity, although slightly atrophic, w ere functioning normally On August 15, 1947, the latissi- 
mus dorsi and the teres major on the left w ere freed from then humeral insertions and mobilized proximally 
It was found that the arm-at-tbe-side position was optimal for the most distal anchorage of the tendons of 
the tw^o muscles into the tnceps aponeurosis (Fig 1) This same position w^as utilized for postoperative im- 
mobilization (Fig 1,6) 

The cast was removed three and one-half weeks after the operation It was noted that some degree of 
extension of the forearm against gravity was possible on this same day Strength of extension quickly im- 
proved Five and one-half w eeks after operation the range and strength of elbow extension, with the humerus 
abducted 90 degrees or more, were almost the same in the left arm, which had been operated upon, as m the 
normal right arm (Figs 3- A, 3-B, and 3-C) Overhead elevation at the left shoulder was 10 degrees less than 
that of the right shoulder at this time, but this small discrepancy disappeared Three months later, the only 
difference detected between the left arm and the normal nght arm was the slightly lower position of the left 
posterior axillary fold, due to the direction taken by the bellies of the transplanted muscles Strength and 
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The pathologist's leport (bj Dr Otto Saphir) stated that the biopsy revealed a fibrosarcoma These sections 
V ere also seen by the late R H Jaffe, at Cook County Hospital, who concurred ivith Dr Saphir’s diagnosis 
Physical examination showed an ulcerated area, about two inches in diameter, from which protruded a 
fleshy mass, stasis pigmentation was seen about the ulcer The exanunation was otherwise not remarkable 
Roentgenogiaphic study, reported by the late Di Hubeney, disclosed that the left lower extremity was 
the site of an old osteomyelitis of the tibia, with a secondary destructive lesion and an accompanying ad- 
vanced degree of arteriosclerosis (Fig 1) Films of the chest show ed no evidence of metastasis, but old adhe- 
sions of the diaphragm were present at the base of the right lung 

On September 12, amputation w as done through the low er third of the left femur, followang the admin 
istration of 500 cubic centimeters of w hole blood The patient made a satisfactory recovery 

Examination of the pathological specimen revealed an oval defect, 4 by 6 centimeters m diameter, in the 
lowmi third of the tibia, anteriorly The lower maigin wms covcied by soft, pmkish-tan, fleshy tissue The 
popliteal artel y was thm-w ailed and the lumen w as patent On sectioning m the legion of the skm defect, a 
dense white tissue was found, which extended for thirty millimeters into the medullary substance The me- 
dulla of the bone, above and below’ the tumoi mass, was vciy dense (Fig 2) 

The defect in the bone w as filled by tissue which vaiicd m microscopic appearance On the surface was a 
thick layer of neciotic tissue, which was mixed with blood and disintegrating pus cells Beneath this was an 
abundance of loose fibrillar connective tissue w ith lai go fibrocj’tes, here and there infiltrated by small round 
cells This connective tissue meigcd wuth a very dense connective tissue which surrounded irregular spicules 
of bone (Fig 3) Attached to these spicules wcie lows of osteoblasts Scattered throughout, but especially in 
the deeper portions, focal areas of gi cat cellulai itj w ere pi esent In these areas the fibrocytes w ere very large, 
their nuclei were plcomoiiihic, and numcious mitotic figures could be seen (Fig 4) The atj'pical fibrocytes 
often attached themselves to thm-w ailed capillaries and w ere mixed wath small round cells and plasma cells 
(Fig 5) At the edge of the sinus in the skm thci e w ns a mai ked proliferation of the surface epithelium, w hich 
often extended deep into the undci lying connective tissue, foi mmg anastomosing cords w ith small horn pearls 
The histological pictui o w as that of a fibrosai coma of a moderate degree of mahgnancv, associated with 



inllammatoiy changes 
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Fig 5 

Photomiciogiaph (X500) slioiis the spindic-cell chaiactei of the tumor, m section taken from a more 
superficial layer 
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Fig 6 

Photoiiucrograpli (X500) of section taken near the surface Note single horn pearl, surrounded by granula 
tion tissue with foreign-body giant cells 

cliromc osteomyelitis of the tibia The formation of horn pearls u as pi obablj a response of the inflammaton 
reaction and was not associated with an epidermoid carcinoma (Fig 6) 

The diagnosis of fibrosarcoma, made by biopsy, n as subsequcntlj’ confirmed by studies of the neoplasm 
removed from the amputated extremity The patient was followed for three j'oars, and no evidence of mc' 
tastasis was found m that time 


SUMMARY 

Sarcoma following a chi onic inflammatoiy pi ocess in such regions as the kidney, hver, 
01 breast is well knomi, and theie is no leason why a neoplasm, such as fibiosarcoma, ma} 
not develop in bone which is the site of osteomyelitis Howevei , saicoma in bone has rare j 
been preceded by osteomyelitis The case desciibed supports the theoiy of chronic m 
flammation as a predisposing factoi m the formation of malignant neoplasms 

The tumor in this case probably had its oiigin in the fibi ous bone marrow of the ti la 

1 Geschickter, C F Personal commumcatmn 
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r\LCIFICATION OF THE BUKSAE OF THE KNEE* 


m TIinODOUL NOnLE-i, MD , ROCHESTER, MINNESOTA 
Fellow in Orthopedic Surgery, Mayo Foundation 

AND M ILLIAM H RICKEL, M D , ROCHESTER, MINNESOTA 
Section on Orthopedic Surgery, Mayo Clinic, Rochester 

A scnich of the litciatme has failed to disclose any lepoit of calcification of the buisae 
of the knees Howevei, Biantigan and Voshell stated that calcification of the supenoi 
biiisa beneath the tibial collateial ligament might “account foi certain cases of Pellegiini- 
Stieda disc ISO ” Seaicli of the lecoids of the Majm Clinic then yielded eight cases of 
calcification of the buisae of the knee 

The moie impoitant buisae about the knee, of winch eighteen oi more have been 
described* - aie (1) the piepatellai buisa, located anterioi to the lower half of the 
patella, (2) the mfrapatellai buisa, located between the tibia and the lower portion of 
the patellai ligament, (3) the siipeificial pietibial buisa, located over the insertion of the 
patellai ligament, (4) vaiiable buisae* situated below and above the collateral ligaments, 
and (5) numeious and vaiiable popliteal buisae Chief of the popliteal bursae is the 
gastiocnemius semimembianosus buisa The popliteal bursae often communicate mth 
the smovial cavity of the knee 

The exact mechanism of the pioduction of heteiotopic calcification is not known The 
statement of Watson Jones and Robeits in this connection is of mterest They said that in 
bone, normal circulation lesults in noimal calcification, increased circulation in decal- 



Fig 1-A Fig 1-B 

Case 6 Calcification in the prepatellai buisa of a woman fifty years old, as seen m the antero- 
posterior and lateral views 


* Abridgment of a portion of thesis presented by Dr Norley to the faculty of the Graduate School of the 
University of Minnesota, in partial fulfillment of the requirements for the degree of Master of Science in 
Orthopaedic Surgery 


VOL 31-A XO 2 APRIL 1949 


417 


41S 



and joint sukgeb^ 



CALCIMCATION Ol' TUl UUUSAL! Ol' Tllb KNhL 419 

( iliL ilion, dcLie \be(l uiculaiion in iiicu“ibod calcihcution , and cutting off the blood supply 
in uncli iiigcd calcification In any mescnchymatous tissue of low metabohsm, decieased 
ciiciilation rcsiilts in pathological calcification, especially m the piesence of fibrosis of 
ti nimi 01 infoclion Fibi oblasts plus an excess of calcium plus an adequate blood supply 
K'siilt in bone 

( niMCAL DA] A 

riie eight patients complained of piogiessivc pain on motion, of swelling, and of 
limited motion Physical examination usuallj’- icvcalcd a tendei swelling ovei the involved 
buisa Cicpitus sometimes was piesent , in addition to limited motion Calcification within 
the buisi w IS not usu dlv suspected until its piesence was lexealed in the loentgenogiam 
One patient had lecuiient painless swelling without any localizing signs, and the loent- 
geiiogi ims ie\ealed calcification of the buisa ovei the medial cond5de of the femur 

Of the eight patients studied, foui gave a definite histoi}'^ of injuiy and most com- 
monlv of lepeatcd tiaumita ovei a peiiod of yeais One patient, a man sixty yeais old, 
lemcmlicied no injiiiy, but had a painless lecuiient swelling of the knee No mjuiy was 
mentioned by the lemammg thiee patients 

Locations of the calcified buisae weic piepatellai buisae in two cases (Figs 1 -A and 
1 -B), mfi ipitcllai buisa in one, buisae ovei the medial femoial cond5de m four, and 
bursa ovei the lateial epicondyle m one case 

IREVTiMENT AND RESULTS 

As in the tieatment of calcified buisae anywheie in the body, needling and the 
uijection of piocame hydiochloiide oi suigical excision ma}'- be cuiative, the moie con- 
sen ative moans should be used fiist if the s3’'mptoms aie not too seveie 

Needling and the injection of piocame hydiochloiide weie earned out m Case 8 , in 
which the bursa was over the medial femoial condjde (Fig 2 -A), lelief of symptoms and 
complete disappeaiance of the calcium weie noted in thiee and a half months (Figs 2 -B 
and 2 -C) This patient had associated diabetes and paia-aiticulai calcification of both 
hips She had had seven diatheimj^ and massage tieatments m this same peiiod 

Anothei patient (Case 1 ) had a calcified buisa excised fiom ovei the medial femoial 
cond3de One calcified piepatellai buisa was also lemoved suigically (Case 3 ) No follow- 
up data aie available on these two patients The loentgenogiams in Case 3 weie negative 
foi calcification, but the gioss specimen contained deposits of calcium One othei patient 
(Case 6 ) w as advised to have a calcified piepatellai buisa removed sui gicalty, but this w as 
not done (Figs 1 -A and 1 -B) One patient (Case 4 ) with a calcified buisa ovei the lateial 
femoial cond3de had patellectom3'' for painful tiaumatic aithntis of the patella One 3'’eai 
latei the patient lepoited a successful lesult fiom the patellectomy and no complaints 
lefeiable to the knee One othei patient with similai calcification of a buisa ovei the 
medial femoial condyle was advised to have heat and massage to his knee He had been 
kicked twice b3" a hoise on the medial aspect of the knee and had had pain foi five 3"eais 
Calcification was not consideied of significance in this case 

PATHOLOGICAL FEATURES 

AIicioscopic examination of the two buisae lemoved suigically showed extensn e 
deposits of amorphous calcium and inflammatoi3’’ reaction within the buisal tissues 

COMMENT 

Calcification ma3r occui in an3" of the buisae about the knee and may cause disabihti 
and s3'-mptoms Cures ma3^ be effected b3^ local injection of piocame h3^diochloiide and 
needling or by surgical excision This lesion is not common, it has been encountered onl3 
infrequently at the Mayo Clinic, and no report has appeared m the literature, as far as 
the authors could ascertam 
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AMPUTATION FOR DISCREPANCY OF LIMB LENGTH 
IN TUBERCULOSIS OF THE HIP 

BY FREMONT A CHANDLER, M D , AND THEODORE V FOX, M D , CHICAGO, ILLINOIS 
From (he Deparlmcnl Orlhopaedic Surgcri/, L'Tiwcrkiti/ of JUuiois School of Medicine 

Oithopaedic suigeons, in the not-too-distaut past, liave been accustomed to see, on 
then Sei vices, patients with tubeiculosis of the hip, lying in hip spicas foi mouths or 
j^eais, awaiting the "optimum” time foi treatment 

Gill, in 1944, piesented his succinct obsei vations and h 3 potheses conceimng the 
lavages of this so-called consenative pioceduie, — namel}’-, that the seveie osteopoiosis 
lesulting fiom piolonged immobilization pioduces piofound changes in the bone about 
the distal femoial and pioximal tibial epiplnses, making it susceptible to minimal trauma 
and lesultmg m giowtli impaiiment, defoiniitj’’, and ultimatelj’’ in maiked limb-length 
disci epancy. 

Ross, in a lecent papei, leiteiated Gill’s obsei vations that giow'th disturbances will 
result from such “tieatment”, but added to the list, headed bj’’ tubeiculosis of the hip, 
any disease wdiich causes oi necessitates piolonged disability He also claimed that growth 
retardation occuis befoie giowth aiiest, thus making the process reversible if the first 
stage, that of i etai ded gi ow th, has not pi ogi essed to gi ow th cessation This can be demon- 
strated wdien the disability ends lelativety soon, bunging to a close the period of useless 
ness of the e\tiemitv, then bone atiopliy will dimmish, the epiphirsis wall assume a more 
normal appearance, and linib-lengtli drscrepancj'’ will not increase His tlieoiy of the 
etiologj'' of this condition dififeied from Gill’s h 3 ^pothesis 

Both authors agreed, however, that, in addition to the piolonged disability wdnci 
pioduces the osteoporosis, trauma to the epiph 5 ’-sis is necessai 3 '- to letaid oi to stop 
giow^th Each hypothesized differ entty as to wdi 3 '- the epiphyses aie so susceptible an 
as to wLat constitutes the tiauma Gill felt that the soft, ati opine, almost liquid, e- 
geneiated bone on each side of the epiph 3 ’-ses causes buckling of the cuitain-like car lage 
plate, due to bending of this pliable area as a lesult of changes m the intiame u an 
pressure This luptuies the epiphyseal plate oi the small vessels going to it, thus 
mg the giowth center Ross propounded the them 3 ^ that the cai tilage pai tiall3’ degeueia 
as the result of atiophy of disuse and, theiefoie, retards giowth, that it is unable a er ^ 
withstand added stress, because of the faulty gait resulting from deformities, an 
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tliib fill illy c luscb Riow (h .uicst, as a icsult of complete clegeneiation of a poition of the 
epiphyseal pi ite and (he lepaii of the defect so foimed b}"- a bony budge 

dill’s liypodiesis could explain defoiniities and giowth aiiest in patients who have 
not cuised v eight hauma to the epiphj'scs, but the change might lesult fiom trauma, 
occiiiimg madvcifently at the time of cast changes, suigeiy, oi manipulations Ross, 
honeiei, sficsscd (h it gionlh ictaidation and aiiest occui most fiequently m the areas 
wheie si less and stiain ue concentiatcd, and pointed out that the elastic cartilage lesists 
fiacluie, which would indicate that weight-beaimg is an etiological factor We believe 
(hat both theoiies iic impoitant m explaining giowth changes m these extremities aftei 
piolonged disibility 

Howexei, fiom both aiithois’ views and fiom common expeiience, we think one 
should piomulgate ceit im axioms conceinmg the piophylaxis of this seiious complication, 
especialh m tubeiculosis of the hip, foi ceitamlj'^ eveiyone should be m agi cement about 
tins phase of the pioblem 

1 Imng peiiods of immobilization piioi to suigeiy should be avoided 

2 An adequate aithiodesis should be peifoimed as eaiW as possible, — that is, as 
soon as the patient’s condition peimits The ciiteiia foi judging the optimum time foi 
suigery m these tubeiculous patients aic as follow's 

A Weight stabilization oi, piefeiabW, weiglit gain, 

B Slowing of the pulse late wath stabilization, 

C Falling 01 stabilization of the tempeiatuie cuive, 

D Leveling of the sedimentation late 

This concept has been advocated by Chandlei foi many yeais, and in Pease’s recent 
papei h in which he piesented a live- 3 mai follow-up of tw^enty-eight cases of tuberculosis 
of the hip with earW arthiodesis, b}^ the use of the Chandlei technique h there was not 
one case of seiious oi even consequential giow'th letaidation or airest ^ In contiast, Mc- 
Carroll and Heath piesented cases wath majoi defoimities and resulting mailced limb- 
length discrepancies m a similai group of patients who w'ere tieated with prolonged im- 
mobilization piior to arthrodesis 

3 Weight-bearing in the spica cast to leveise the osteopoiotic process by physiologi- 
cal stress should be started as soon as possible aftei surgery, usually within six weeks, 
wBth careful supervision of the patient’s activity to pi event tiauma to the epiphysis 

4 Handling an osteoporotic limb duiing cast changes, suigery, et ceteia, should 
be done wnth extreme care, especially if the extremity is tender to any degree 

We believe there is also unanimity of opinion as to tieatment w^hen partial or com- 
plete grow^th delay, oi arrest, occurs Such procedures as completion of the arrest of in- 
completely fused epiphyses, equalization of limb length by epiphyseal arrest in the un- 
involved extremity, hmb-shortenmg and limb-lengthenmg operations, osteotomies to 
correct the deformities of tibia recui vata oi tibia vai a, or combinations of one or more of 
these, are indicated 

It is not wnthin the scope of this paper to discuss these methods However, the prob- 
lem arises of what should be done if the patient has marked shortening with such severe 
deformities that a weight-bearing extiemity cannot be restoied, as is frequently seen and 
w^as strikingly demonstrated in McCaiioll and Heath’s recent series A case is piesented 
wLich posed such a problem, the solution of w^hich wbII demonstrate a method for adequate 
treatment 

A white boy was first admitted to the Umversity of Illinois, Orthopaedic Department, on Maj 7, 1937, 
at the age of three 5 ’^ears He w as subacutely ill and his right hip w as fixed at about 90 degrees of flexion, shght 
abduction, and ex-ternal rotation There was swelling, muscle spasm, and pain in this hip on palpation and 
motion The patient had a fever of 100 6 degrees There was an inadequate histoi 3 of increasingly progressive 
difficulty wnth the extremity for about four months Prior to the child’s admission, his father had died of pul- 
^ monarj tuberculosis, his mother was senously ill wnth the same disease and died a few months later 
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Fig 4 Fig 5 

Fig 4 Roontgenogi ims of the right foot i eve'll the marked calcaneocavus deformity md seveie osteopoiosis 

Fig 5 Roentgenograms of the knee, taken six months aftei fusion opeiation, show successful arthiodesis of the joint The obliquity of the joint line, due to 
iiiegulir closuie of the epiphyseal lines (which, although closed, aie still appaient), demonstrates the typical deformities seen about the knee aftei long immo- 
bilization of the lowei exticmity (The site of amputation is in a poition of the leg distal to that showm in the roentgenogi ams ) 
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The patient’s right low er extremity w as placed in balanced traction Aspiration of the hip-jomt fluid 
was done about tw o w eeks aftei admission Approximately 30 cubic centimeters of thick, green, purulent 
inateiial was removed foi bacteiiological examination and guinea-pig inoculation The cultures were nega 
tive, but subsequent autopsies of guinea pigs coiioborated the chmcal impression of tuberculosis of the nght 
hip 

The patient’s defoimitj and muscle spasm impioved as a result of traction, and about seven weeks 
aftei admission, a double hip-spica cast was applied Aftei seventeen months, during which several cast 
changes weie made, the patient was dischaiged from the Hospital His sedimentation rate had decreased to 
3 milhmeteis pci hour (tVintiobe method) and he was gaining weight 

The boj w as follow ed in the Out-Patient Department for the next three years, having frequent cast 
changes, and on April 25, 1941, was leadmitted to the Hospital for possible surgery Because of a rather 
seveie febrile reaction, anothei double hip-spica cast was applied wath “mampulation of the knee in an 
attempt to ovei correct the varus dcfoimity bj foicmg it into slight valgus” The foot also was mampulated 
in an attempt to correct the calcaneovalgus (This would tend to corroborate Gdl’s view that w eight-beanng 
IS not necessary to cause epiph3'seal damage Tins patient had not been beai mg weight whde in his cast ) 
About SLx weeks aftei his readmission (June 16) an arthrodesis was performed on the right hip, a graft 
fi om the nght fibula w as dr iven up through the ti ochanter and neek into the ihum, and a cast w as reapplied 
The patient made an uneventful recoverj' and was discharged four months after operation (October 16) 
He w as seen from time to time in the Out-Patient Department and his spica cast w as changed periodicalh 
On Juty 3, 1942 (thirteen months after operation), there w as failure of the arthrodesis, both clinicalh 
and roentgenographicallj' A.nother fusion of the hip was done on Julj 27, the regenerated nght fibula was 

used as an extra-articular graft, wedged 
across the joint from trochanter to 
ihum The postoperative course wa' 
again uneientful and the patient was 
dischai ged, six w eeks after operation, in 
a double lup-spica cast He was followed 
in the dispensai \ for the next j ear and, 
at the time his casts were changed, an 
increasing defoimiti of the tibia was 
noted with instabihtj of the knee joint 
Uj> to this time fusion of the hip had not 
occur red, and a single hip spica was 
applied on March S, 1944, so that the 
patient could bear weight On Ala\ 26, 
1044, there was chmcal and roentgeno- 
grapinc evidence of fusion (almost two 
3 ears after his second operation), but a 
single hij) spica w as reapplied 

The patient w as leadmitted on ^Ia^ 
14, 1045, at the age of eleven, alniod 
eight 3eai's after his imtial admission 
At this time, his hip was fused (Fig )< 
but the right lower extiemity was de 
foimed and atrophic with 13 75 

meters of shortening and a calcaneocai'U 

defoinut3 of the right foot (Figs 2, , 
and 4) His general condition was good 
Gastric washings and mine exanimatio 
were negative for acid-fast organism 
Blood cheniisti3' and serologj "C 
w ithin 1101 nial limits , 

On June 13, 1045, arthrodesis oft 
light knee was peifoinied, the 



Fig 6 Fig 7 

Fig 6 Photograph after knee fusion and below -the-knee 
amputation The end of the stump is at the same level as the 
opposite knee joint 

Fig 7 Patient, at the tune of dischaige, wearing his jiios- 
thesis 


being used as a ke3' giaft, and a single hip spica was applied Recover3" was uneventful and, gnd 

had been removed, a snug-fitting spica w itli an extension cahpci w as applied (to equalize hm en 

the patient w as allow ed to be up fnrnied (F)g’ 

On ISfovembei 13, 1945 (five months aftei knee fusion), an amputation of the leg was per be 

5 and 6) As soon as the wound was healed, a P3''lon and a peg-leg weie fitted so that the jjjp_ so 

ambulator,' A prosthesis wms then made and a rapid adjustment to it followed, m spite o ^ jjpip, 

that when the patient was discharged, on Ma3’^ 2, 1946, he w'as walking with an almost imperc 
wnthout support (Fig 7) 
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Knee fusion and lalei ampul, ation of the leg to “equalize” the femoia aie indicated 
111 glowing ehildien, lathei than a Giitti-Stokes oi supiacondylai tendoplasty type of am- 
jnil ilion In this ense, at the lime the knee fusion w'as done, the patient was eleven yeais 
of age and Ipul in expecled five yeais of giow'tli Assuming cessation of giowth on the 
ifTccled side (the light lowei extiemity), (he unmvolved femiii w^ould grow two and one- 
half inches it the knee while (he (ibia would giow' one and twm-thiids inches at the knee, 
nuking 1 (otal inci eased length of at least foui and one-si\th inches by the time giowth 
s(opped, it the age of sixteen We can assume that the amputated stump would be that 
much shoitei if an above-thc-knee amputation had been done oiigmally The proceduie 
desciibcd would, theiefoie, give the patient a much moie satisfactoi}'’ stump and a much 
moie satisfictoiy piosthesis at the time he leached maximum giowdh 

SUMMVRX AND CONCLUSIONS 

In the case desciibed, a typical patient wuth tubeiculosis of the hip, w^ho was tieated 
foi a long time m ti action and many plastei casts, wath manipulation of the extremity 
iiiidei anaesthesia to collect appaient defoimity about the knee, had twm opeiations upon 
the hip with fuithci immobilization When fusion of the joint finally occuried, the ex- 
tiemity was 13 75 centimeteis shoitei than its noimal mate, and a calcaneocavus de- 
foimity of the foot was piesent 

The method of ti eating such a useless and unsightly extiemity includes the followung 
steps 

1 Fusion of the knee joint, 

2 Amputation of the extiemity, so that the end of the stump wall be at the same level 
as the knee joint of the “good” leg, 

3 Fitting the patient mth the piopei piosthesis, aftei lehabilitation and tiainmg by 
pi 101 application of a w^alking pylon 

The excellent lesult in the case desciibed w'aiiants seiious consideiation of this method 
of tieatment foi an extensively defoimed and shoitened low^ei extremity, resulting fiom 
damage to the susceptible epiphyses duimg so-called “conseivative” tieatment of hip- 
jomt tubeiculosis oi othei disease lequning prolonged immobilization of the low'ei 
extiemity 
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A SUCCESSFUL PROSTHESIS FOR SACRO-ILIAC 
DISARTICULATION (HEMIPELVECTOMY) 

ROBERT A WISE, M D , PORTLAND, OREGON 
Fiom the S^irgjcal Service, Veterans Hospital, Portland 

A satisfactoiy weight-beaimg piosthesis foi patients with sacio-iliac disai ticulation 
has not, to oui kno\\ ledge, been lepoited pievioiisly Amputation thiough the sacro-iliac 
loint AMth removal of the ilium, ischium, and pubis saciifices all weight-beanng areas 
consideied essential to a lo\\ei-e\tiemity piosthesis 

While only 138 cases of sacio-ihac disai ticulation had been lepoited prior to 1945, 
the opeiation is nov being peifoimed moie fiequentlj’- Many years of airest may be an- 
ticipated, and have actuallj^ been achieved, by the lemoval of some of the malignant 
tumois of the innominate bone It is unfoitunate to condemn these patients to a life on 
Clutches 

Such lias the consideiation when a left sacio-ihac disai ticulation (Fig 1) was pei- 
foimed on patient R T , aged thiity-eight, foi a piimar}’’ osteochondrosaicoma of the 
left ilium ^ This opeiation i\as earned out on Julj’' 21, 1947, at the Veteians Hospital, 
Poitland, Oiegon The convalescence was smooth and the patient was up on dutches, three 
veeks after the opeiation (Fig 2) 

Constiuction of a valking piosthesis was initiated tliiee months aftei the operation 
The essential problems to be solved neie two fiist, what aieas could be used for weight- 
beanng, Mith the ischial tuberosity and thigh-amputation stump missing, and second, 
how stabilization of the piosthesis could be achieved vitli absence of the iliac crest 

It vas fiist consideied necessai}'' to have tliiee points of weight-beanng (a) the left 
axilla, (b) the opposite ischial tubeiosity, and (c) the tiunk and lonei nb cage Actually, 

aftei constiuction of the hip 
basket, it was found that full 
i\ eight-beanng could betaken 
on the tiunk, including the 
loiiei thoiacic nb cage and 
the left mng of the saciuin, 
thiough the leraaming seg 
ment of the gluteal muscles m 
the postenoi poition of the 
amputation The poition of 
the left gluteal muscles m the 
postenoi flap i emaining aftei 
the amputation pioved to be 
of gieat aid as an aiea o 
M eight-beaiing and stabilize 
tion It IS suggested that as 
laige a poition of these mus 
cles as possible, consisten 
with a vide lemoval of the 
tumoi, be spared Theie ''as 

found to be onl}'^ till ee-eig 

of an inch upward movenien 
of the basket during tui 
11 eight-beanng Therefore, u 
additional weight-bearing 
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Fig 1 

Roentgenogram, folloning operation for removal of the left 
innominate bone 
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Fig 2 Fig 3 Fig 4 Fig 5 

Fig 2 Photograph of the helled amputation wound (Reproduced, by permission of J B Lippincott 
Co , from Ann Surg , 128 99G, 1948 ) 

Figs 3 and 4 Anterior ind lateral view s of patient with prosthesis in place 
Fig 5 View of prosthesis with patient in sitting position 

points ^^ele necessaij'-, obviating the need of an axillaiy ciutch oi an opposite ischial seat 
with the resultant restiiction of tiunk motion 

The stabilization and alignment of the prosthesis w'eie a major consideiation Re- 
moval of half of the bonj’’ pelvis caused the low'ei tiunk, opposite the remaining iliac crest, 
to assume a conical shape, making anchoiage and alignment difficult It was necessaiy 
to construct a false buttock in order to obtain the normal wudth and length of the re- 
moved hemipelvis This poition of the piosthesis is made of balsa wood and cork, and is 
hrmly anchored to the trunk poition by means of W'atei proof glue and raivhide (Figs 3 
and 4) Its inner surface is in contact with the posterior flap of the amputation By con- 
btiuction of the trunk basket wuth buttock extension, stability and alignment w^ere ob- 
tained in wmlking and sitting 

The attachment of the extiemity portion of the prosthesis to the hip basket was a 
normal prosthetic proceduie The hip joint is furnished with a locking device, allowung 
flexion while the patient is sitting and locking in extension The axis of the knee is set 
posteriorly about one inch, preventing buckling of the knee m normal wmlking 

The basket portion of the prosthesis is held around the tiunk by three leather stiaps 
The knee-control strap extends ovei the opposite shouldei, produces extension of the 
lownr extremity, and aids in anchor ing the entne prosthesis to the body 

The patient, when wearing the prosthesis, can walk with the aid of one cane He 
is able to walk up and down stairs, one step at a time, and can bend forward to touch 
his fingei tips to the floor He can sit in normal position (Fig 5) and can kneel 

Note Published with pei mission of the Chief Medical Director, Department of Medicme and Suigerj, 
Veterans Administration, who assumes no responsibility for the opmions expressed or the conclusions 
diawn by the author 

The author w ishes to express his appreciation to Mr A W Pruhsmeier, brace-makci of Portland, Ore- 
gon, for his assistance in preparing the prosthesis described 

1 Wise, R A Control of the Common Iliac Artery Duiing Sacro-Ihac Disarticulation (Hcmipelvcctomi) 
Ann Surg , 128 993-998, 1948 
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MECHANICAL AIDS FOR PATIENTS WITH MUSCULAR DISABILITY 

BY PAUL THOMAS "i OUNG, PH D , URBANA, ILLINOIS 

The Y iitei has had expeiience y ith seveial cases of a laie form of musculai dystiophj^ 
in which theie is a geneially letaided musculai development With advancmg age and 
mci easing weight, the difficulty of locomotion is augmented Aiismg fiom a chair of ordi- 
nal y height becomes an aiduous task Going over staiis is laboiious With one patient, 
if the use is more than seven inches, the step cannot be mounted v ithout assistance 

To aid in meeting these difficulties, vaiious mechanical aids have been evolved, 
thiough tiial and eiioi ovei a peiiod of about thiity j’-ears The piesent leport describes 
two foims of secondaiy aid, — steppmg-stick canes and self-iismg chairs 

Stepping-Shck Canes 

Figuie 1 shows the evolution of a cane that is useful m negotiating steps vhich 
otherwise would be too high foi the patient to mount v ithout assistance The original 
foim of stepping stick, shovn at the left, consists of a broom handle to which a block of 
wood has been attached The block is tliiee and one-half inches high and one and one- 
quaiter inches thick, it is as wide as the patient's shoe In using this stick, the patient 
grasps the handle vith the light hand and places the sole of the light shoe on the block, 
as with an oidinai}'’ stilt Then he lifts his v eight to the block and swings forward, steady- 
ing himself vith the handle The block has the effect of bieakmg a seven-inch use into 
two uses, each of tliiee and one-half inches 

In the second cane horn the left, instead 
of a block of v ood, a squaie non fiame, made 
by a blacksmith, has been bolted to a light 
stick The stick is tapeied, lounded, and made 
of suitable length When not in use as a step 
ping stick it can be tinned upside donm, and 
the squaie base becomes a handle 

The thud is an oidinaiy commeicial cane 
to vhich blocks have been attached mth 
butteifly nuts A single block (shown de- 
tached) can be clamped to the cane and 
quickly lemoved The block piovides a step 
similai to that of the earhei models In the 
illustiation a two-stage block is shown The 
fiist use IS thiee and one-half inches, the 
second is seven inches Fiom a height of seven 
inches the patient can step up to a height o 
ten oi eleven inches This two-stage block is 
useful, hovevei, only”- vhen theie is a railing 
01 othei means of steadyung the body duimg 
ascent It has pioved piactical foi a person 
getting on a ti am oi making similai climbs 
To give gieatei stability^ a small alumi 
num laddei attached to a stick (not shovn 
has been made This is viitually a light-weigW 
stepladdei, made to suit the patient, v i||^ 
can be lifted fiom step to step by the han e 
One such laddei , now m use, has three steps 
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Vl (ho light of Figuic 1 lb All oidiiiAiy lubbci -tipped cane ivith a painted head of 
Ahiminiim illoy Thib bteppiiig stick icscmblcs an oidinaiy cane, but, iihen turned upside 
down, the head can be used lo enable (he patient to negotiate a seven-inch step The metal 
head can be unsciewed ind a ciiived wooden handle inseited foi use wdien the patient is 
walking on the level 

These devices make it possible foi the patient to go ovei cuibstones and steps wdiich 
could otheiwise not be climbed without aid 

Sclf-Rtsiuq Chans 

When the extcnsoi muscles of the legs aie too weak to lift the w^eight of the body 
fiom i sitting to i st Hiding position, it is difficult foi the patient to arise fiom a“chaii^bf 
oidinaiy height Howevei, lie is able to walk on the level 

To meet this difficulty a small solid cushion, lesembhng a case, is placed on a chan 
It IS btiong enough to hold the patient’s weight and it laises the height of a chan about 
tlnee inches, — just enough to make the diffcience betw'een getting up wath moderate 
ease and getting up awkwaidly oi, peihaps, not without help The cushion is nine by 
twche and one-half inches in cioss section 



Fig 2-A Fig 2-B Fig 3 


In the home this pioblem has been solved diffeiently Foi ten j'^ears one patient wath 
muscular d^'^stroph}'^ successfully used a special chan with a self-iismg seat Figuies 2-A 
and 2-B show a dining-ioom chan made of quaitei -sawed oak and leather When the seat 
is lowered and locked (Fig 2-A), the chan resembles an ordinal y master’s chan of a dinmg- 
room set A spring mechanism, concealed in the sides by leathei covering, lifts the seat to 
the raised position shown in Figure 2-B A stiong cupboaid lock serves to hold the seat 
dowm, and this can be released by pulling a lever foiw aid The levei is shown at L 

As the patient places his weight against the i aised seat, the seat lowers and steel ex- 
tension springs in the side become tense The tension counterbalances the weight of the 
patient, and m the low'ei position the seat can give an initial upw'aid boost of about foity 
pounds, sufficient to enable the patient to arise with ease The number of springs and the 
tension are, of course, varied to suit the lequnements of the patient The springs counter- 
balance the weight of the seat and much of the weight of the patient as he sits down 
Upon aiismg, he literally springs to his feet 

Figure 3 shows the mechanical details of this chan, with the seat in the lowered posi- 
tion and the springs attached and stretched The position of the seat, when laised, is indi- 
cated by bioken lines To swing the seat piopeily, two special iron biaces aie needed 
As seen from the fiont wuth seat lowered, each biace resembles a J, one J turns to the 
light and the othei to the left The biaces aie pivoted at the top of the J and the exten- 
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Sion spimgs aie attached to the long veitical bai In side vieii, one can obseive that the 
lowei tip of the J is cmved upnaid and backwaid, so that it can be bolted fiimly to the 
iiooden fiame of the seat 

Expeiimentation mth several styles of self-iismg chans has biought to hght an im- 
poitant piinciple The using seat should be pivoted as neaily as possible at the knee joint 
of the patient, oi peihaps slightly in fiont and above the knee In an unsuccessful model, 
the seat of an oidinar}'- chan was hinged at the fiont edge This seat, when partly laised, 
slid out fiom undei the patient, leaving him suspended helplessly m mid-aii Thus, foi 
mechanical reasons, the fi ont edge of the seat must be several inches behind the front leg 
of the chan, as seen m Figuies 2-A, 2-B, and 3 

In an oveistuffed chan, extension spimgs, concealed withm the sides, counterbalance 
the V eight of the seat and enable the patient to spimg to Ins feet fiom a comfortable 
seated position A pi ess button leleases the lock mechanism which permits the seat to 
use fiom the lovei to the uppei position The seat can be locked dovm indefinitely, if 
desned, but this mvolves some iisk, since a child can pi ess the button to make the seat 
flj'^ up and catapult whatevei is upon it 

Possibly a self-using chan would be seiviceable to aged peisons oi to others i\ho 
find it difficult to aiise fiom a low chan oi one of oidinaij'' height If the sprmgs aie caie- 
fiilly adjusted (and this can be done with a little tiial and eiioi), the self-rismg cliaii 
easily and quickl}’- bungs the sittei to his feet 

At the piesent time no airangements have been made foi the manufactuie of self- 
using chans and stepping-stick canes 
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'PHK TKE\TMEN1' OK CONGENITAL CLUB-FOOT 


Nim Yi \i{s’ Em’J.hii.ncl ^mjii a Modifica'jion of nib Dfnis Brownl 

Ml niOD AND SriANf 

in SlUMU V I'lIOMSON, M D, JOKONIO, ONIARIO, CAN \DA 
F)om the Hospital foi Sich Children, Toronto 

Duini}> (he pi''! nine ^caib manv lecunences of congenital club-foot have clouded 
111 eailiei oplimi'itic lepoit* These have not dampened oui enthusiasm, because an 
111 ih SIS of these cises places the blame entiiely upon the paients Club-foot defoimity is 
limited foi the most pait to the undeipiivileged classes, nhich adds a difficult peisonal 
element is fai as tieatment is conceined In man}’- of the cases of foitliiight paiental 
neglect, oiii Social-Sei vice Dcpaitmcnt discoveied pitiful domestic conditions In such 
instinces fostei homes neie obtained, if possible Failuie to repau oi leplace dilapidated 
ind outgiown appaiatus i\as a common offense In many of these cases, the families iveie 
luge and undeipiivileged, caie of the foot at home ivas often a haidship and, theiefoie, 
w IS not continued Such paients v eie fiequently ashamed to return to the Clmic Stiangely 
enough, letuin visits veie made moie legulaily bj’- those livmg fai away than by those 
neaiby All these cncumstances hai e piompted us to mtensify the Social-Seivice mspec- 
tion of the lefiactoiy cases This has been aided by an appomtment-caid system with a 
lapid follow-up in case of failuie to lepoit 

In spite of the foiegomg implications, numeious cases have piesented difficulties 
durmg the couise of treatment The undeilying cause of the tiouble usually becomes 
evident aftei a feii neeks The most common of these cases aie 

1 Mild types of myodystiophia foetahs, limited to the lovei extiemity and foot 
YTien the extieme adduction has been coirected, a shoit, small, lesistant foot is recog- 
nized, m which any collection is very slow and difficult 

2 Another similar t 3 ’^pe is a foot at fiist m seveie equmovaius, vhich soon presents 
the added feature of a piimus metatarsus varus Such a condition may or maj'- not have 
muscle involvement, but in either case correction is not the usual easy routine 

3 The neurogenic club-foot appears less frequently and shows motor and sensory 
changes Occasional cases of this type of club-foot are corrected nith amazing rapidity, 
only to become a potential calcaneovalgus deformit}’-, while others of this type 
show a persistent tendency to lecui The bifid lumbar spine oi the later giowth of long 
fine hair over that area substantiates the diagnosis Unusually sensitive tiophic skin 
changes also lead to the suspicion of a neurogenic state 

4 Subluxation of the first metatarsophalangeal jomt vith dorsal displacement of the 
gieat toe is uncommon and of little trouble, and can be controlled by a pad under the 
head of the metatarsal It usually becomes mmimal at the walking stage 

5 A more common difficult}’- is the idiopathic club-foot of relatively small size, v ith 
a very large fat ankle and leg This condition simply presents the mechanical problem of 
adhesive fixation over a deepl}'^ wrinkled ankle Suitably placed small gauze pads help to 
control this type of case 

6 In a few cases an extiemel}^ flat foot has developed early m the tieatment In most 
of these cases, all tieatment was stopped, m the hope that lecurience v ould not take place, 
but deformities recurred m all but a few instances 

Such examples depict a few iriegulaiities which help to remind us that equmovaius 
deformities may have many mheient differences In most cases these defects are difficult 
to detect at onset and become endent only after a few -neeks of tieatment The hip and 
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knee joints must be noimal if the splint 
IS to achieve its puipose Club-foot is an 
outstanding example of a condition that 
lequiies a unified continuit}" of attention 
fiom both suigical and technical staffs, 
if favoiable lesults are to be obtauied 
The moment that casual supei vision is 
allowed, lecuiiences begin to soar 

A fev modifications m tieatment 
aie voithj'^ of mention 

1 The length of the ciossbai has been consideiably shoitened and now confoims to 
the distance betv eeii the hips (Fig 1) This w as done in oidei to oveicome numeious cases 
of lefiactoi}'^ vaius Additional collection was also obtained m such cases bj'^ keeping the 
foot piece fixed at one hole less than a light angle In that position, valgus movements, 
as well as doisiflexion, may be peifoimed Bending of the ciossbai may occasionally be 
lequiied in a sick child who does not actively kick oi ciawl 

2 The foot plates aie now made to fit the aveiage foot moie snugly An undersized 
plate will stay on bettei than one that is too laige Foot plates aie made m foui sizes and 
aie coveied with sponge lubbei The fiist tliiee sizes will usuallj’^ suffice until the boot- 
splint stage IS leached The plate sizes aie shown in Figuie 2 befoie the upright portion 
has been bent 

3 The boot splmts aie no longei made to oidei, because of the time and expense 
lequiied A small pan of baby boots aie fitted, then the simple adjustments aie fastened 
to a leinfoiced sole, and the toe cap is iemo\ed Theiefoie, the child does not reach the 
boot-splint stage quite so eaih as foimeiljq because accuiate fitting is difficult in a small 
foot The same piopoitionately shoit ciossbai is used with the boot splints, wdiich aie kept 
on daj’’ and night Duimg the child’s second j^eai — the beginning of the walking period- 
splints aie used at night, and aie also applied foi long peiiods dm mg the day foi exeicise 
If the foot appears to be essentiallj’’ noimal and no tendencv to lecuiience is evident, 
the foiegomg legimen may be modified and finallj’' abandoned If, howeiei, any club- 
foot stigmata lemain — such as limitation of full doisiflexion oi laiiis — a stiict and pio 
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l()n{>:('(l applitalion of tlic bool-splinl is i ecommcndccl, tlic use of the talking boots being 
illowed foi onl\ i few slioit peiiods a dav II may be necessaiy to continue this caie 
well 111(0 (he (Iiiid 01 foiiidi '^eai of life AVheiievei the boot splints aie used, the paients 
lie uiged (0 manipiihde (he foot daily 

4 The spiing sphn(= has been simplified (I'lg 3) by elimination of the adjustable 
swnel, which occasionally gaie (louble when the child was going down steps This splint 
h IS done much (o compensale foi (he negligence of the paient, since it leplaces not onty the 
boot splinl, bu( also (he need foi daily manipulation It is, theiefoie, occasional!}" used 
on i well-coiieded 
fool, wheie piienlal 
neglect is feiicd The 
usefulness of (his 
splint deci cases with 
the age of the child 
and IS of doubtful 
\alue in the acei age- 
sized child aftei seven 
to eight ycais of age 
Bob-skating, ice-skat- 
ing, lollei-skating, 
and skiing aie 111- 
gently piesciibed as a 
daily loutine, since 
these spoits all le- 
qune doisiflexion 

Recuiiences be- 
gin to appeal as soon 
as the paients aie 
asked to shaie moie 
lesponsibiht}" in the 
care of the feet, begin- 
ning at the boot-sphnt 
stage and inci easing 
at the w alkmg peiiod 
Thus, the incidence 
of good lesults vaiies 

directly with the intelligent coopeiation of the paients Recun ences which limit doisi- 
flexion to a light angle or better can be conti oiled and improved by iigid application of the 
boot splints How ever, a lecurience wdiich will not allow passive doisiflexion of the foot as 
fai as a light angle wntli the leg w ill not be amenable to the boot splint In these cases the 
Denis Biowne splint must again be used, with adhesive fixation This can be done until 
about tw o j’-eais of age, but is not veiy successful after that time, because of pressure ef- 
fects, due to the combination of a moie resistant foot and a moie active child It may then 
be necessaiy to lesoit to manipulation and the application of a plastei cast at one or more 
sittings When the lecuiience has been paitly 01 fully oveicome, the boot splint may be 
le-applied In the past two j^eais, it has been deemed wiser to apply the spiing splint, 
because it provides double assuiance against these chioiiically caieless paients 

During the past nine years, 260 cases of idiopathic equmovaius defoimities have been 
treated wnth the Denis Browne splmt We contmue to be higlil}" pleased with this method 
and, by and large, w"e obtain unifoimly good lesults The deformit}" is collected in six to 
eight weeks without manipulation, and the foot and leg take on a lemaikabl}" normal 
appearance In such cases, no recurrence or complication is anticipated, if the doctor and 
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paient keep then faith and the child lemains health}^ If complications aiise, thej'- usually 
become evident duiing the initial two months of collection, when a levised diagnosis and 
tieatment may be necessaiy 

Duimg the past tw o and thiee-quaiteis j'-ears, smce the spiing splint has been in use, 
a bettei check has been kept on fiank leciniences Foity'' children in the gioup have been 
supplied vith spiing splints, vhich lepiesents a lecuirence rate of appi oximately 15 3 pei 
cent Many of these childien had not letuined to the Clinic for many months oi years, 
while othei lecunences weie detected eailiei If the eaily cases, in childien under one 
A’-eai of age, aie left out of the total, the lecuiience late is appioximately 17 per cent 
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UNH ERSAL SPLINT FOR HIP MOTION * 

Bl P\UL C THOMPSON, M D , SWANNANOA, NORTH CAROLINA, IND 
J4SIES H CHERRY, M D , ASHEVILLE, NORTH CAROLINV 

Fro//i the Diuision of Orthopaedic Surgery, Swannanoa Division, 

Veterans Administration Hospital, Oteen, North Carolina 

It IS geneialty agieed by most oithopaedic suigeons that the end lesults of italhum- 
cup aithioplasty depend to a gieat extent upon the patient’s will and deteimination to 
legam hip motion following suigeijq with the assistance of physical theiapy Tins fact 
has led the authois to devise a univeisal splint foi the lowei extieniity The appaiatus 
can be easil 3 r adjusted to fit all sizes and shapes of limbs, and is of such simphcit}^ that 
it can be applied oi lemoved within seveial minutes 

This splmt (Figs 1 and 2) has a knee bend without a lock and a foot piece to w'liici 
the shoe can easil}" be attached The foot piece lests on two lolleis, tw'O and one-quaiter 
niches in size, which peimit motion in all diiections With the patient in the pioperposi^ 
tion and a small fiactuie boaid in place acioss the low'ei thud of the bed, the splint can 
moved m any’- diiection on the boaid the manipulation of two lopes wuth pulleys an 
hand attachments, the patient can secuie aiijr foim of hip motion Figuie 1 demons ra^^ 
the mechanism foi secuimg fiee ankle and knee motion Figuie 2 shows the hmb m a^^ 
duction, seemed bj^ manipulation of hand attachments, the patient can actively bung 
hmb mto abduction 

* Published w ith pei nussion of the Chief Medical Officer, Department of Medicine and Surge^ drawn b) 
Administration, who assumes no responsibility for the opinions expressed or the cone 
the authors 
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Postopeiative tieatment follo^^Tng Vitallium-cup aithioplastj'^ of the hip at this 
Hospital consists of immobihzation in a unilateial hip spica mth the loner extremity m 
abduction and internal lotation foi a period of three neeks Follonmg this, the cast is 
removed and a unneisal splint is applied The splmt is noin throughout the day, except 
for one hour m the moinuig and another in the afternoon nhen ph3'-sical therapy is insti- 
tuted At night the splmt is lemo^ ed and Buck’s traction, mth appioximatelj'’ five pounds 
of n eight, IS applied 

The results in this Hospital in legaining hip motion by the use of this universal 
splmt ha'ie been excellent The splint has met nith enthusiastic response on the part 
of the patients, vho find that thej^ are able to secure voluntar}'- active and passive motion 
and to legam a vudei range of motion of the affected limb than is possible vuth other 
tj'^pes of mechanotheiap3’- oi vith ph3'^sical theiap3'- alone 

Note The authors vish to acknowledge the assistince of Mr W \ iMcElduff, \&heville, North Caro 
hna, in the construction of this splint 


A SPINE RETRACTOR OF SIMPLE CONSTRUCTION 

BY V ERNER P JENSEN, M D , OMXH V, NEBRASKA 

The perfect spme leti actor has 3mt to be made Usuall3’’ the muscle slips from under 
the letractoi blades, the retractor itself does not lemam m place, oi the retractor opens 
only after a great deal of efifoit 



Fig 1 
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Fig 2 


The letiactoi pictuied (Figs 1 and 2), when placed in position and opened, holds the 
spine muscles so that the lamina and aiticular facets are leadilj’’ accessible The motoi of 
the reti actor is a medium-sized Knschnei clevis That pictured was obtained from iiar- 
assets surplus The blades aie made of stainless steel, patterned after Hibbs’ spine le- 
tractors, and have pioved satisfactoij’- The design of the blades maj'- be changed to suit 
mdmdual requiiements The blades touch when the clevis is closed and may be spiead 
apart to give an opening of five and one-half inches, which is moie than is evei requiied 
In making the letiactoi, the movable poitions of the wiie-holding jaws of the clevis 
Mere removed and the tivo ends veie made flat by polishing on a giindstone A five-si\- 
teenths-inch bolt vitli a half-inch head nas then secuied, thiee-quaiteis of an inch fiom 
the end of each aim The tinning handle of the clevis ivas cut dorni ivith a hack saw to 
one and seven-eighths inches This permits easy opening of the blades ivithout tilting of 
the retractoi, and ample level age is still retained 

The blades of the letiactoi ivere easilj'^ made, nith the use of a dull piess, vise, hack 
saiv, file, and giindstone The teeth ivere cut with a file The stainless steel bends easily 
without being heated The ivider blade, of the tivo pictured, has been used most frequently 

Note Acknowledgment is made to Mr Earl Rodgers, brace maker at Shiiners’ Hospital for Crippled 
Children, Shreveport, Louisiana, for his help and suggestions, and to Wynton H Can oil, M D , Senior 
Resident in Radiology at Chanty Hospital, Shreveport, for the photographs 
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AN ABDUCTION EXERCISE SPLINT FOR THE SHOULDER 

B1 EDWARD J COUGHLIN, JR , M D , WILLIAMSTOWN, MASSACHUSETTS 

In many lesions m and aiound the shouldei joint, abduction within ceitain limits is 
gieatl 3 '^ to be desiied Unfortunatelj'-, this has not been possible in manj^ instances without 
keeping the patient confined to bed in some foim of balanced suspension Fiom an eco- 
nomic point of vien , this is buidensome, and at the piesent time, with hospital beds at a 
piemium, it is impossible In an attempt to piowde abduction exeicises without hospital- 
ization, the ambulatoi}^ splint nas devised 

The idea of this splint is not oiigmal with the authoi A ciude abduction appaiatus 
nas fiist seen bj^ the authoi in a piisonei-of-nai camp m southern Fiance The oiiginal 
splint consisted of a plastei-of-Paiis cun ass into vhich was incoipoiated a metal U-shaped 
bai , at the tip of this bai a pulle 3 ’' vas attached The authoi ’s fiist modification ivas to 
make the cun ass of castex vith laces, so that it could be lemoved at night, and the splint 
illustiated heie is the final outcome of this modification 

The splint consists of a U-shaped metal bai nhich is stiapped to the body by means 



of Cl OSS stiaps, and an axillaij'^ img on 
the opposite side In addition, theie is a 
shouldei stiap on the affected side to pie- 
vent the shouldei fiom being elevated 
duiing the peiiod of abduction (Fig 1) 
The piinciple undei lying the splint is 
veij^ simple Extension of the elbow 
shoitens the lope fiom the elbow to the 
pullej’- (Fig 2), and bj’^ means of the sling 
aiound the elbow, the aim is bi ought 
into abduction The degiee of abduction 
to be obtained may be vai led bj’- shoiten- 
ing or lengthening the a ope extending 
fiom the elbow sling to the hand grip 



The use of the abduction exercise splint is especialh'' indicated in the follomng 
1 Sitbdeltoid Bwsitis The authoi has used the abduction exeicise sphnt on 
patients with acute subdeltoid buisitis, following novocain injection and lavage o t le 
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2 Calcification in the Svpiaspinatns Tendon By the use of the abduction exeicise 
slihnt, the piliout with CTlcihcalion in the supiaspinatus tendon is able to be ambulatoiy 
uiimcdi Uoly iftci opeialion vnd to cany out abduction exeicises with little oi no dis- 
( oinfoi I 

■5 Ficiciscfoi the “Fiozeii Shonldei ” The use of this splint will enable immediate 
u(i\e motion (hiough a Bide langc ind with a consideiable degiec of comfoit 

4 lesions of the j\[iisciilotcndinoui Cnf} By means of the active abduction splint, 
used postopci itncly, the aim (an be abducted as much as 90 degiees wnth no dangei of 
distill lung the siituic line of the icpaii of the musculotendinous cuff 

5 Fiactnics Following impacted fiactuies oi m fiactuies of the gieatei tubeiosity 
whcic giaded amounts of abduction aic desiiable, the splint may be used to encouiage 
motion within a limited lange, since by lengthening the abduction coid any degiee of 
.ibduction dcsiied can be obtained Of couise, the splint should never be used wdien theie 
IS mv dangei of disimpactmg fiagmonts oi m shaft fiactuies wheie angulation wmuld 
iiieMt iblj"^ occui It should be used only foi patients wdio Avould otheiwuse be leceivmg 
iclixmg and ciicumduction exeicises 

6 Net i c Lesion I’lic authoi has used the abduction splint on seveial cases of axillarj^- 
nenc pai iljsis, following dislocations of the shouldei, with evtiemely giatifjnng results 
On two occasions, the splint has been used m pohomj’^ehtic patients wuth involvement of 
the abduction mechanism By the use of the abduction splint wath lesistance, the pow^ei 
of a piitiallj’’ paialyzed deltoid has been inci eased so that active abduction was possible 

\oiF T lip (lutlior is indebted to C irl R imingci of the Hospital foi Special Suigerj, New York, N Y , 
for ins cooperation in constructing the ibduction o\ereisc splint 


A RIGID PLASTIC CORSET FOR ARM AND LEG BRACES 

sa LIEUTENANT OOLONEL MILTON S THOMPSON, Medical Corps, United States Army, 

AND CAPTAIN REX J HOW'^ARD, Medical Corps, Army of the United States 

From the Orthopaedic Service, Brooke General Hospital, Foil Sam Houston, Texas 

In ceitam patients wath unumted fiactuies of long bones, dela 3 '-ed union of fiactuies, 
loss of bone substance, oi old infections of bone, iigid fixation of the extiemity is essential 
to pi event defoimity, and ambulation is desirable Casts and traction will piovide the 
necessary rigidity, but these prevent ambulation The common type of ischial w'eight- 
bearmg biace permits ambulation, but it fails to piovide the necessai 3 ’- rigidity m some 
instances To solve this problem, a biace has been developed w^hicli mcorpoiates the 
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iigidity of a plastei cast into a 
bi ace and which at the same time 
enables many of these patients to 
become ambulatoiy (Figs 1 -A 
and 1 -B) 

A positive plaster mold of the 
evtiemitj'- is made This mold is 
then coveied vith hoisehide, the 
edges of which meet anteiioily in 
a veitical line The leathei is fas- 
tened A\ ith tacks, and one coat of 
a cellulose cement^ which is sol- 
uble m acetone, is applied and 
allov ed to di}" foi twenty minutes 
Then, a piece of celastic, the size 
of the hoisehide covei, is dipped 
into acetone, when satuiated, the 
celastic becomes completely limp 
and pliable The leathei is damp- 
ened w ith acetone and the piece of 
celastic IS quickl}'^ molded to it, 
PiQ Pjq 1.J3 V lapped uith an elastic bandage. 

Fig l-A Lateral view of coi set, incoi pouted into an ischial -trid allotted to di}’" foi four Ol 
wuglit-b^iing biace . five houis Anothei piece of horse- 

hide IS then placed ovei the celas- 
tic ttitli the cement This is also 
allowed to clij’' foi foui oi five 
lioui s The edges ai e then tiimmed 
and bound tnth hoisehide Eye- 
lets aie mseited along the ante- 
1101 gap, appi oximatel}'' one and 
one-fouith inches apait, and one 
half inch back fiom the edge 
Laces ai e mseited, and the molded 
splint IS complete This splint may 
be easil}'’ mcoipoiated into a 
biace (Figs 1 -A and 1 -B) 

The authois have used celastic m biaces loi both the lowei and uppei extiemities 
Moieovei, it is used by the Aimy m making sockets foi aitificial limbs It can also be 
used in shouldei caps foi shouldei disaiticulations, m mnei soles foi paitial-foot amputa- 
tions, m night splints (Fig 2 ), and foi many othei oithopaedic appliances It is light, 
stiong, easil}^ molded, and highly suitable, theiefoie, foi making snug-fitting splints foi 
the extiemities 

Note Acknowledgment foi the technical details of this biace is made to Aithui D Salmon, Chief Or 
thopaedic Mechanic, Biace Shop, Biooke Geneial Hospital 



Fig 2 

Coisct used as night splint 
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A LUMBOSVCR\L SUPPORT 

1)\ HI X L DIVLLE'i, M D , KVNSVS C1X\, MISSOURI 


It IS ficqucntly ncccssaiy to pioMcle suppoit to the lumbosacial legion oi the lowei 
lumliai segments of tlic spine This is accomplished lelatively simply in female patients by 
the mcoipoi it ion of a light steel biacc m a piopcily fitted fiont-lace coiset In male pa- 
tients the pioblem is moie difficult, as most low -back biaces aie uncomfoi table to weai and 
they often fill to gne idequate immobilization to the lumbosacial aiea 

To sohe this pioblem foi the male patient, a so-called lumbosacial belt has been 
developed, which Ins been used with giatifymg lesiilts This belt has pioved efficient in 
the tieatment of iciite lumbosacial stiaiii oi spiam, m lumbosacial aithiitis, m the post- 
opei itive c lie of lumbosacial fusion, and, m f ict, in any condition in wdiich immobilization 
of the lumbosaci il joint oi the lowei himbai spine is desiied This type of belt also gives 
sitisfactoiv suppoit to a man with a pendulous abdomen 

Oil! bi iccmikei caiiies in stock foui sizes of lumbosacial steel frames, seven, eight, 
nine, and ten inches in height (Fig 1) The appiopiiate style of steel fiame, which should 
extend fiom the body of the sacium as fai up the lumbai spine as immobilization is desiied 
(geneiallj’’ the second oi thud 
lumbai veitebia), is selected and 
caiefully fitted to the cuive of the 
back with bending iions (Fig 2) 

For the female patient, this 
steel is mcoipoiated into a piopeity 
fitted fiont-lace coiset Foi the 
male patient, the steel is fitted into 
a duck belt which is held m place 

bj’’ thiee oi foui stiaps w ith buckles Fig 1 

Two additional leinfoicmg stiaps Steel frames, vaiymg from seven to ten inches m height, 
attached to the steel, one above and lumbosacral support 
one below, hold the steel fiimly 
against the back (Figs 3 and 4) 

This belt will usually stay in place 
quite satisfactoi ily, but, if it tends 
to iide upward, peroneal stiaps can 
be added 


Fig 3 Fig 4 





Biace fitted to cuive of back Fiont and back views of support, applied to patient 
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ADAPTATIONS OF THE SURGICAL ENGINE 


BY DANIEL M STIEFEL, AI D , DETROIT, MICHIGAN 
Fi om the Department of Orthopaedic Surgery, Grace Hospital, Detroit 

A Simple adaptation of the widely used Luck san oi suigical engine has pioved useful 
to the authoi It has become mcieasmgly appaient that the dentist’s aimament^iiiim 
contams a numbei of dences which can be used Mith good lesults m oithopaedic surgery 
This IS especiallj'- tiue of a shoit dull m a dental handpiece, which can be used m drdhng 
the glenoid lun m the Bankait operation 

To adapt the dental handpiece to this suigical engine, a flexible shaft is used to tians- 
mit poM er to the difll m the dental device The shaft may be easilj”- attached to the Jacobs 
chuck of the engme by'’ inseitmg a shoit quaitei-mch lod mto the motoi end of the shaft 
The tool end of the shaft is furnished i\ ith tn o mtei changeable collets vuth capacities from 
zeio to one-quaitei of an mch The flexible shaft is foui feet long, and the handpiece of 
this shaft is one and one-quaitei inches in diametei 

A simple stand foi the engine is constiucted fiom a metal plate To this is attached a 
ciadle of bent bands of steel Passmg ovei the engme, pieces of so-called “power chain” 
encased m iiibbei tubmg hold it in place on the ciadle One end of each cham is fixed to 
an end of each membei of the ciadle on one side The othei ends of the chams, each beanng 
a wmg nut, are fastened to the opposite sides of the tn o ciadle members When m use, the 
ciadle stand holds the engme and is placed on a small mstiument table The motor end of 
the steiile flexible shaft is handed to a nuise, vho fastens it mto the Jacobs chuck with the 
key m the usual manner Neither the engine noi its electrical connections aie stenlized 
M hen used m tlus adaptation A small steiile sheet is tin on n ovei the table and engine, and 
a fold of the sheet is loosely caught aiound the pioximal end of the shaft n'lth a ton el 
clamp 

The adaptor and driver, which are used to diive a tool m a dental handpiece, aie 
shonm m Figure 2 Figure 3 shows the assembled apparatus 

The adaptor is a stamless-steel shell which fits ovei the distal end of the flexible shaft 
This adaptoi is held m place by' a recessed scien , nhicli pierces the shell near its lowei iini 
and IS tightened against the shaft end The dental handpiece is thiust mto the hollow neck 
of the adaptor and is held m place by'^ tightening the img nut over the slightly' comcal end 
of the slotted neck The mseited tube is thus giasped by collet action As an added safe- 



Fig 1 
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Fig 2 



guard agamst lotation of the dental handpiece, a lecessed sciew pieices the adaptoi at the 
liase of the neck and enteis the slot in the lowei end of the handpiece 

The diivei of the dental instiument consists of a rod with an mveited notch which, in 
dental piactice, engages mth a coupling cariymg a similar notched lod in the motoi ap- 
paiatus In tins adaptation, a shoit length of rod is similarly notched and is fuinished with 
a shouldei, so that it will inseit to a constant depth, the lod is then placed in the collet end 
of the flexible shaft '\^'lien the adaptor with its dental handpiece is fitted ovei the end of 
the flexible shaft, the two notched lods mil readily mesh and power can be tiansmitted to a 
tool m the end of the dental device 

All standard dental metallic buns and tools used ■with such a handpiece may also be 
used m surgery For use m dulling bone foi the passage of sutuies, the author has had 
standard 3/32-mch twist dulls cut down to lengths of one and of one and five-tenths centi- 
meteis, respectively, "with the pioximal ends appropriately notched to fit into the dental 
handpiece 

As seen m Figure 1, the shaft can also be used to drive the legulai sa-ns and dulls 
usually attached diiectly to the engine chuck The engine can easily be taken fiom its 
stand for other uses 

Note The wnter wishes to acknovi ledge valuable technical adnce and help in the construction of these 
adaptations given by Mr Fred Walton of Detroit 
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News Notes 

THE AMERICAN ORTHOPAEDIC ASSOCIATION 

The Sixty-second Annual Meeting of The American Orthopaedic Association will be held at the Broad- 
moor, Coloiado Springs, Colorado, on Ma}^ 18, 19, 20, and 21, 1949, under the presidency of Dr Ralph R 
Ghormley 

The orthopaedic suigeons of Denver, vnth Dr Robert G Packard and Dr Atha Thomas as chau-men, 
have planned a Clinical Day in Denver on May 17 All members of the Association and their guests are 
invited Those planning to attend aie requested to notify Dr Packard or Dr Thomas in advance, so that 
adequate aiiangements maj bo made 

The tentative piogram of the Meeting, as submitted by the Progiam Committee, is as follows 

Wednesday, Max 18 

Morning Session 

Osteochondromata Aiising from Aiticular Caitilagc 

lames Vernon Luck, M D , Los Angeles, Califoinia (bj invitation) 

Coirection of Defoimitj and Pievention of Aseptic Neeiosis in Late Cases of Slipped Femoral Epiply'sis 
Edward L Compel e, M D , Chicago, Illinois 

Congenital Dislocation of the Hip with Particulai Refeience to its Pathogenesis — Treatment bj Open 
Reduction and Results 
Beckett Howoith, M D , New York, N Y 
Extra- Articular Fusion of the Hip 

George W Van Gorder, M D , Boston, Massachusetts 
A New Technique for Arthrodesis of the Hip 

Alan DeFoiest Smith, M D , New York, N Y 
Trials and Tribulations in Attempted Femoial Lengthening 
H Relton McCarroIl, M D , St Louis, Missouii 

Noon Executive Session 

Afternoon Session 

A Confeience, sponsored and arranged b 3 the Joint Committee on Postgiaduatc Education of The 
Ameiican Orthopaedic Association and The American Acadomj'^ of Oithopnedic Surgeons 

1 Introductory remarks bj’^ the Chairman 

A R Shands, Jr , Alfred I duPont Institute, Wilmington, Delaw aie 

2 The Ideal Curriculum 

A For Adult and Fiacture Tiaining 

Alan DeFoiest Smith, M D , New Yoik Orthopaedic Hospital, New York, N 1 
B For Cluldien’s Training 

William T Green, M D , Childien’s Hospital, Boston, Massachusetts 
C For Basic-Science Instruction 

Guy A Caldwell, M D , Tulane Univemit}, New' Orleans, Louisiana 

3 The Ideal Curriculum of Resident Tiaining in 
A A University Clinic 

Carl E Badgley, M D , Univeisit 3 ' of Michigan, Ann Aibor, Michigan 
B A Private Clinic 

J Spencei Speed, M D , Campbell Clinic, Memphis, Tennessee 

4 Resident Ti aimng in a Government Hospital 
A Veteians Admimstration 

Dana M Street, M D , Kennedy Veteians Hospital, Memphis, Tennessee 
B Umted States Aimy „ , 

Lieutenant Colonel Milton S Thompson, M C , Biooke General Hospita , or 
Houston, Texas 

5 Special Training the Resident Should Have in 
A Cerebral Pals 3 ' 

Robert A ICmght, M D , Campbell Clinic, Memphis, Tennessee 
B Infantile Paralysis 

R E Lenhard, M D , Johns Hopkins Hospital, Baltimore, Maryland 
C The Fitting and Making of Biaces and Prostheses 
Atha Thomas, M D , Denver, Colorado 
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() S|)( I 111 '1 laiimii; llu Hi sulont Sliould Have in 

A Hi'l ikd Siibji'its Physic il Medicine, Koenigcnology, Ncuiology, and Rlituinatology 
H Hi s( 111 ell and Piihlii alions 

I'leinonl A Cliaiullci, M D, Uiiiveibity of Illinois, Chicago, Illinois 
7 '1 111 Gi idii lie Siliool of Mtihiini Couise in Oithopicdic Surgeiy and Its Cuiiiculum 

1 1' Nicholson, M D , Univeisitj' of Pennsylvania Graduate School, Philadelphia, 
Poiinsylvaina 

S Whal Constitutes a Salisfaclon Pi eceptoi ship Training 

I Albert Kc\, M D , Washington Universitj'', St Louis, Missouii 
0 Coinmints from The Ameiican Boaid of Orthopaedic Suigeiy on Board Certification and 
Hisident 'liaining 

I'l iiicis M McKecvei, M D , Los Angeles, California 

10 1 111 Amtric in Collegi of Surgeons and Special( 3 ’^ T raining 

P D Wilson, M D , The Hospital foi Special Suigcry, New Yoik, N Y 

11 Hie Aineiii in Medic il Association and Spccialtj' Tiaimng 

F H Arest id, M D , Council on Medical Education and Hospitals, Chicago, Illinois 

12 Discussion and Suininarj' 


Thdusdai, Mai 19 


Horning Session 

The Orthopaedic Iicatnient of lubereulosis of the Spine in a Military Tuberculosis Center 
Lieutenant Colonel Harold S McBurne 3 , Denver, Colorado (by invitation) 

Fusion of the Shoulder Joint in Children, Utilizing Autogenous Bone Graft 
Charles R Rountree, M D , Oklahoma City, Oklahoma 
Conclusions Concerning the Use of Refrigerated Bone in Orthopaedic Surgery 
Philip D Wilson, M D , New York, N Y 

Treatment of Sclerotic or Aseptic Non-Union of the Tibia vitli an Associated Intact or Healed Fibula 
Carl E Badglc 3 , M D , Ann Ai bor, Michigan 
Correlation of M 3 elographic and Operative Findings in Intel vcitebral-Disc Lesions 
J Albert Kc 3 , M D , St Louis, Missouri 
Cauda Equina Tumors as a Cause of the Low -Back Sciatic S 3 'ndrome 
James W Toume 3 , M D , Boston, Massachusetts 


Fridai, May 20 


Morning Scbsion 

Rcstnction of Giowth of Bone b 3 ' Pins thiough the Epiphyseal Caitilage Plate 
Sylvan L Haas, M D , San Franeisco, California 
Acute Non-Tuberculous Psoas Abscess 

Isadore Zadek, M D , New York, N Y 
Giant-Cell Tumors in Childien 

Harold D Palmer, M D , Denver, Coloiado (by invitation) 

Factors which Influence Survival in Bone Sarcoma 
C How ard Hatcher, M D , Chicago, Illinois 
The Effects of Radio Activit 3 ' on Bone 

John Z Bow ers, M D , Washington, D C (by invitation) 

Piesidential Address 

Ralph K Ghormle 3 ", M D , Rochestei , Minnesota 


Saturday, Mat 21 


Morning Session 

Congenital Metatareus Varus 

J Hiram Kite, M D , Atlanta, Geoigia 
A Study of a Large Senes of Keller Operations Performed for Hallux Valgus 
Mather Cleveland, M D , New York, N Y 
Ski Injuries — Trauma of Lower Extremities Resulting from Toision Strain 
John R Moritz, M D , Sun Valle 3 , Idaho (b 3 '^ invitation) 

Chondromalacia of the Patella Early Manifestations and Late Results, Diagnosis, and Treatment 
Edwnn F Cave, M D , Boston, Massachusetts 

Circulatory Changes in the Extremities, Associated with Infantile Paral 3 ^is and the Relation to the 
Occurrence of Shortening 
William T Green, M D , Boston, Massachusetts 


N^oon Final Executive Session 
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Bj invitation of The British Orthopaedic Association, a group of oithopaedic surgeons, chosen In 
The \merican Orthopaedic Association, are visiting orthopaedic centers in England and Scotland 
The gioup, representing ten different sections of the country, are 
Lee Ranisaj’- Straub, M D , Nen"^ York, N Y , 

Carroll B Larson, M D , Boston, Massachusetts, 

Jolin Hamilton Allan, M D , Philadelphia, Pennsylvania, 

Hugh Smith, M D , Memplus, Tennessee, 

S Benjamin Fonler, M D , Nashville, Tennessee, 

Benjamin E Obletz, M D , Buffalo, New York, 

John J Fahey, M D , Chicago, Hlinois, 

William H Bickel, M D , Rochester, Minnesota, 

^’eine T Inman, M D , San Francisco, California, 

Donald W Blanche, M D , Los Angeles, California 
With a similar group from The Canadian Orthopaedic Association, these men gathered m Nev Yoik on 
Mai ch 16 foi a Clinical Baj”- arranged at some of the New York hospitals, follow ed by a farew ell dinner given 
at the Harvard Club in New York 

They sailed on March 17 and, after a w eek in London, w ill visit various other oi thopaedic centers Thtj 
will attend the Spring Meeting of The Biitish Orthopaedic Association, to be held in Nottingham the last 
of April under the presidencj' of Mr S A,lan S Malkin They wall return before the Annual Meeting of The 
American Orthopaedic Association, to be held in Colorado Springs May 18 thiough 21 

This unusual opportunity has been made available to these men thiough the generosity of The British 
Orthopaedic Association 


The Executive Board of the American Public Health Association announces that the Seventy 
seventh Aiuiudl Meeting of the Association and meetings of related oiganizations will take place m New Aork 
C itj , October 24 to 28 The Hotels Statlcr and New Aoiker me joint headquarters 


The Alumni of the Hospital for Joint Diseases, New A’ork Cit 3 % will conduct an Oithopaedic Con 
ftience fiom May 12 thiough May 14 On the evening of May 12, Dr C How aid Hatchei of Chicago will 
deliver the Sii Robtil Jones Lectuie at the Hospital on “The Results of Tieatment of Bone Sarcoma” All 
those iiiteiestod are invited to attend 


Till Sixty -first Annual Meeting of the American Association of Raihvay' Surgeons will be held il 
the Di ike Hotel, Chicago, on June 30, Juty 1, and the morning of July 2, 1949 


Di M N Smith-Petersen of Boston has recentty been honored by election to honoiaiy^ nieiiibei'shii) m 
the Royml Medical Society of Edinburgh 


Dr Donald E King has been appointed Professor of Bone and Joint Surgery at 


Stanford Univen=itv 


The National Society for Crippled Children and Adults, Inc , has recently conducted the annu 
sale of Easter seals for the support of its w ork . ip,, 

Recently this Society, through its Executive Director , Law rence J Linck, aw arded eight 
to plwsicians, surgeons, and physical therapists for specialized training in cerebral palsy^ The sc o “ 
w ere made possible by Alpha Clu Omega, national w omen’s sorority They cover study at the i 
Rehabilitation Institute, Cockey'sville, Marydand, under the supervision of Dr Wmthrop M e ps, 
dent of the American Academy for Cerebral Palsy 
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Tlip Soclcdnd Mcxicnjin dc Ortopcdii, founded m 1944, announces the election of the following 
odieei'. for 1910 Luis Gaictn I'lgui'ioi, M D , Piesidcnt, I 1 Domtnguer, M D , Tieiburci, iiid Lisislao 
'^ohres, M D , SicicHm 

Dr \illuu Stciiullei of Iowa City and Di Guj V Cddwell of New Oilerns have been made honoiaiy 
iiumhciN of this orgaiiir ition 


The American Board for Certification of the Prosthetic and Orthopaedic Appliance Industry, 
Inc , h IS been established, with hcadquai lerb in Washington, D C The purpose of the Boai J is to improve 
piofessional standards of manufacturers of arlificul limbs and braces 

Thiee oi thopaedic suigeons and four leaders in the oi thopaedic-apphance industry constitute the group 
which will grint certification The orthopaedic surgeons are Dr Rufus Alldredge, New Orleans, Louisiana, 
Dr Henri H Kessler, Newark, Now Jersey, and Dr Atha Thomas, Denver, Colorado Lay membei-s are 
Chester C Haddan, Donvei, Colorado, Lee I Fawver, Kansas City, Missouri, J B Korrady, Chicago, 
Illinois, and Daiid I'l Stolpe, Now Yoik, N Y Mr Haddan is Picsident and Glenn E Jackson, Washing- 
ton, D C , IS E\ccuti\c Diicctor 


Vn agreement of ifiihition between the New York Hospital and the Hospital for Special Surgery 
has been announced jointlj bi William H Tackson, President of the Society of the New York Hospital, and 
Simucl S Dunce, President of the New York Society for the Relief of the Ruptured and Crippled This 
iffihation, which has the apiiroval of the Hospital Council of Gi cater New York and is subject to the approval 
of the Court, calls for the erection b\ the New Yoik Society for the Relief of the Ruptured and Crippled of 
i new hospital of approximately 170 beds for oi thopaedic and arthritic patients on land on the East River 
Drue between 70th and 71st Streets This land, which is now owned by the New York Hospital, will be 
transferred bj it without monetary consideration to the Hospital for Special Surgery 

Although the hosjiitals w ill continue as independent corporations, meeting their ow n operating costs and 
(xpenses, each will avail itself of the expeiience and facilities of the other General surgery and internal 
medicine (other than treatment of arthritis) will be conducted in the New York Hospital, and orthopaedic 
surgery and treatment of arthritis, in the Hospital for Special Surgery Upon the opening of the new hospital, 
Dr Philip D Wilson, the present Surgeon-m-Chief of the Hospital for Special Surgery, will assume the title 
of Director of Orthopaedic Surgery Dr Frank Glenn is the Surgeon-m-Chief of the New' York Hospital and 
the Professor of Surgery of Cornell University Medical College 

This affiliation brings close together two of the oldest and best known of New York’s hospitals The 
•Society of the New Yoik Hospital, created by ro 3 'al charter dated June 13, 1771, has maintained a geneial 
hospital for 178 j'ears It was the citj^’s fiist hospital, originallj located on Bioadwaj' near Duane and Woith 
Streets In 1927, the agreement with Coincll University brought about the creation of the present New \ oik 
Hospital-Cornell Medical Center on 1'ork Avenue at East 68th Street 

The New Aork Society for the Relief of the Ruptured and Crippled has maintained a hospital in New 
A ork City since 1863 For j'eais, the old Hospital for the Ruptured and Crippled was on the site now oc- 
cupied bj' the Hotel Commodore Its present Hospital foi Special Surgerj' is on East 42nd Street botw ecu 
I irst and Second Avenues, and its services and facilities peitain pai ticularlj' to the care and ticatment of 
patients afflicted wath crippling conditions and deformities of an orthopaedic nature, arthritis, and hcinu 
Programs of teaching and research ai e also conducted 


THE AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS 

The Sixteenth Annual Convention of The American Academj' of Orthopaedic Surgeons w'as held at the 
Palmer House, Chicago, January 22 to 27, 1949, under the piesidency of Dr Myron 0 Henry Total legis- 
tration at the meeting w as 1,975 The Audio-Ahsual Program and Instructional Courses, under the chairman- 
ship of Dr Charles N Pease, w ere w ell attended 

On Monday afternoon the new members w'ere presented w ith their diplomas, followang w Inch Dr Henrj 
gave his Presidential Address The remainder of the afternoon was devoted to the first Executive Session 
A roster of the new members is as follows 

Seymour M Albert, M D , Philadelphia, Peiinsj Ivaiiia 
Harold Altman, M D , New A'’ork, N A’’ 

Moss M Bannerman, M D , Baton Rouge, Louisiana 
Robert John Bannow , M D , Pontiac, Michigan 
Jurgens H Bauer, M D , S 3 'racusc, New A’'ork 
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Thomas Beath, M D , Richmond, Virguiia 

Charles 0 Bechtol, M D , Oakland, Califorma 

Roderick E Begg, M D , Portland, Oregon 

George D B Berkett, M D , New Orleans, Louisiana 

George A Berkheimer, M D , Harrisburg, Pennsylvania 

Emanuel Blumenfield, M D , Nen York, N Y 

Gvernydd Newton Boice, M D , McKeesport, Pennsylvania 

Francis N Bnll, M D , Springfield, Illinois 

Joseph Edmund Brown, M D , Cleveland, Ohio 

Robert Clifton Biomi, M D , Neenah, Wisconsin 

Everett I Bugg, Jr , M D , Durham, North Carolina 

Ernest hi Burgess, M D , Seattle, Washmgton 

Rejmoldson Duke Buttei north, M D , Richmond, Virginia 

Ii-vin Cahen, M D , Nen Orleans, Louisiana 

Peter Loms Carnesale, M D , MUn aukee, Wisconsin 

Carl G Caspers, M D , Minneapolis, Minnesota 

Harold M Childress, M D , Jamestown, New Yoik 

Kenneth Christophe, M D , Brookline, Massachusetts 

Roy C Ciccone, M D , Bloomfield, Nen Jersey 

Bevel le3' Boj’^den Clarj', M D , Richmond, Virgmia 

Paul J Collopj’’, M D , Miln aukee, Wisconsin 

Kemieth L Cooley, M D , Rochester, New York 

Fredenck C Courten, M D , Riclimond Hill, New Yoik 

Robert R Crawford, M D , Mansfield, Ohio 

John J Cushner, M D , Yoik, Pennsylvania 

A J Daj', M D , Detroit, Michigan 

Allan Montague Ferry, M D , Washington, D C 

Da\nd Leonard Filtzer, M D , Baltimoie, Maiyland 

Samuel Emory Flook, M D , Dajdon, Ohio 

William Porter Foicade, M D , San Francisco, Califoini i 

Dale E Fox, M D , Cincinnati, Ohio 

Claieiice LeRoj' Fiancisco, M D , Kansas City, Kansas 

Russell Victor Fuldner, M D , New Haven, Connecticut 

Maurice Gershman, M D , Far Rockanay, New Yoik 

Arthur L Glassman, M D , Houston, Texas 

C Fred Goennger, M D , Philadelphia, Pcnnsjdvania 

James Thomas Gieen, Jr , M D , Columbia, South C.uolm i 

Ednard D Hageitj, M D , Manchester, Non Hampshiii 

Harold T Hansen, M D , South Orange, New Jeise3’’ 

Kenneth J Harmon, M D , Niagara Falls, New Yoik 

Joel Hartley, M D , Nen York, N Y 

Henry Monroe Hills, Ji , M D , Chailcston, West Virgini i 

William Vincent Hmdle, M D , Providence, Rhode Islaiul 

Edn ard Charles Holscher, M D , St Louis, Missoui i 

Call E Horn, M D , Saciamento, Califoinia 

William Templeton Hon ard, M D , Memphis, Tennessee 

Denman Caiter Hucherson, M D , Houston, Texas 

John T Jacobs, M D , Denvei, Coloiado 

Floyd H Jergesen, M D , San Francisco, Califoima 

Herman Joffe, M D , Chicago, Illinois 

Orville Noble Jones, M D , Portland, Oiegon 

Elias Noah Kaiser, M D , Montgomci3’’, Alabama 

Robert Patton Kelly, Ji , M D , Emoiy Umveisity, Geoigia 

Richard Hotchkiss Kiene, M D , Kansas City, Missouii 

David J Ixing, M D , Wilmington, Delanaie 

Barnard Kleiger, M D , Nen York, N Y 

Marvin Pierce Knight, M D , Dallas, Texas 

Harold H Kuhn, M D , Charleston, West Vuginia 

Kenton D Leatherman, M D , Louisville, Kentucky 

Harry Linwood Leavitt, M D , Seattle, Washington 

Samuel Levine, M D , Lynn, Massachusetts 

John L3dord, III, M D , Louisville, Kentucky 

James M McBiide, M D , Lima, Ohio 
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loliu O’D McCahc, M D , I\Ill\^ luKcc, Wi&con&in 
Ihrli 11(1 M Million, M D , Colouulo Spungs, Coloi uln 
OdinUl Iiwm Minmg, M D , Akion, Ohio 
1 (Iwm I (slu Mollin, M D , Akion, Ohio 
DonnUl 10 Mooii., M D , luigonc, Oiogon 
h)M|)h M ihon Moou , M D , Vicksbiiig, Mississpipi 
Uohi'il Diiuhuu Moou, M D , Chicago, Illinois 
Doiiihl M NoKpiisl, M D , Pasadena, Cilifoinia 
1 (on Oc(l Pukti, M D , San Fiancisco, Califoinia 
Pnil A Pdiiheiton, M D , Salt Like Cily, Utah 
llonici C Pluasant, M D , Los Angeles, California 
Vnthoin 1 Pisini, M D , New Yoik, N Y 
Dnul Poieiinin, M D , Now H wen, Connectieiit 
Willib I vw Pugh, M D , Lvansville, Indiana 
In mg llcdloi, M D , N( w Oileans, T ouisiana 
lo«oph M Hogan, M D , Milwaukee, Wisconsin 
lohn Gillieit Head, M D , Detroit, Michigan 

I Antonio Samson, M D , Monlieal, Canada 
Wiltei Willnm Schw iitr, M D , Chicago, Illinois 
lohn H Schwartzinann, M D , Tucson, Aiizoni 
William Boslwack Sheppaid, M D , Oakland, California 
Min Stults Shcimaii, M D , Chicago, Illinois 

Slew ai t W Shimonck, M D , St Paul, Minncsot i 
Caiioll Mitchell Silver, M D , Providence, Rhode Island 

I I man Smith, M D , Elgin, Illinois 

Donald Ellswoith Stair, M D , \ancouvci, Canada 
Richard Carl Stauffer, M D , Foit Wajnc, Indiana 
Hai mond Oscar Stem, M D , Philadelphia, Pennsj Ivama 
Marcus Icffcison Stew ait, M D , Memphis, Tennessee 
1 liomas D Thompson, M D , Spokane, Washington 
Aithur Slanlej' Thurm, M D , Tienton, New Jeisej 
Euljss Robert Troxlei , M D , Gieensboro, Noith Caiolina 
Frank G ^bel^a, M D , Stockton, Califoima 
Chestei W Waters, M D , Omaha, Nebraska 
Melvin Blent Watkins, M D , New York, N Y 
Hems Wichman, M D , Jerscj Cit 5 , New Jersey 
Paul G Wiesenfeld, M D , Perth Amboy, New Jcisey 
Milton Jay Wilder, M D , Baltimoie, Maryland 
Charles H Wilson, M D , Birmingham, Alabama 
John Curtis Wolgamot, M D , Great Falls, Montana 
William V Woods, M D , Indianapolis, Indiana 
Robeit Montimer Wray, M D , Cedar Rapids, Iowa 
Peter B Wiight, M D , Augusta, Geoigia 
Elected to Honorary Membership w as 

Albeit B Ferguson, M D , Boston, Massachusetts 

The scientific program w as held on Tuesday, Wednesday, and Thui sday 

Tuesdai, Jantjart 25 

Morning Session 

Piogressive-Resistance Exercises in Orthopaedics 

Thomas L DeLoime, M D , Boston, Massachusetts (bj’^ invitation) 

Discussion Philip Lewan, M D , Chicago, Illinois, 

Francis E West, M D , San Diego, California 
Electromyogiaphy in Oithopaedics 

Arthur L Watkins, M D , Boston, Massachusetts (bj invitation) 

Discussion Joseph E Markee, M D , Durham, North Carolina (bj invitation), 

R Plato Schwaitz, M D , Rochester, New York 
The Ciiculation m Foetal and Infant Spines and Its Probable Influence on Spinal Degeneration 
W Roland Feiguson, M D , Baltimoie, Maryland (by invitation) 

Discussion Joseph S Bair, M D , Boston, Massachusetts, 

J Albert Kej , M D , St Loms, Missouri 
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Pott’s Paraplegia 

George J Garceau, IM D , and Thomas Brady, M D (by mvitation), Indianapolis, Indiana 
Discussion Mather Cleveland, M D , New York, N Y , 

J Hiram Kite, M D , Atlanta, Georgia 

Streptomj cm m Tuberculous Bone and Joint Lesions Complicated vnth Mixed Infection and Sinuses 
David ]\I Bosiiorth, M D , Alfonso Della Pietra, M D (by invitation), and Richard Farrell, M D 
(bj" invitation), Xew York, N Y 
Discussion Frederick L Lieboldt, M D , New York, N Y , 

John R Norcioss, M D , Chicago, mmol's 

\flenwon Session 

The Influence of the Contact Compiession Factoi on the Osteogenesis of Suigical Fractuies 

G W X Eggeis, M D , Thomas Shmdler, M D (by invitation), and Chailes M Ponierat, Ph D 
(bj invitation), Galveston, Texas 
Discussion Hugh Smith, M D , Memphis, Tennessee , 

Edward L Compel e, M D , Chicago, Illinois 
Tlie Relation of Atomic Emeigy to Clinical Medicine 

lohn Z Bowers, M D , Waslungton, D C (by invitation) 

Stabilizing Operations on the Foot — A Studj' of the Indications, Techniques Used, and End Results 
Robert L Patterson, Jr , M D , Fi auk F Painsh, M D (by invitation) , and Elwood X Hathawiu 
AI D (bj invitation). New York, X Y 

Piogressive Muscular Atrophy of the Peroneal Type (Chaicot-Mane-Tooth) Oithopaedic Management 
and End-Result Studj' 

Julian E lacobs, MD, Charlotte, North Caiolma, and Commandei Chalmers Carr, MC 
Oakland, California (by mvitation) 

Discussion W M Roberts, M D , Gastonia, North Caiolma 

Wedxesdxi, JAN'UAnx 26 

Morning Session 

A Clinical Evaluation of the Meithiolate Bone Bank A Prelimmarj Report 

Fred C Rejnolds, M D , and David Oliver, M D (bj invitation), St Louis, Missouii 
Lxperiences in the Use of Homogenous (Bone Bank) Bone 
James B Weavei, M D , Kansas Cit}, Kansas 

Discussion Alberto Inclan, M D , Havana, Cuba, 

P D Wilson, M D , New York, X Y 
Andry and the Orthopaedia 

R Beveil3 Rane}^ M D , Duiham, North Caiolma 
Fixed Osteotom3' m the Ireatment of Non-Unions of the Neck of the Femui 
John H Moe, M D , and Hariy B Hall, M D , Minneapolis, Mnmesot i 
Discussion James A Dickson, M D , Cleveland, Ohio, 

Heniy Milch, M D , New Yoik, N Y 
End-Result Study of Arthrodesis of the Hip Joint 

Flank E Stinchfield, M D , and William U Cavallaio, M D (b^ invitation). New \oik, N ^ 
Discussion M N Srmth-Petersen, M D , Boston, Massachusetts, 

Rudolph S Reich, M D , Cleveland, Oliio 

Afternoon Session 

Piediction of Unequal Growth in the Lowei Exticmities m Anteiioi Poliom3 clilis 

Allan J Stinchfield, M D (b3' invitation), J A Reid3, M D , uid losepli S Ban, M B > 
Massachusetts 

Controlled Bone Giowth b3' Epiphyseal Stapling Pielimniai3 Rcpoit 

Walter P Blount, M D , and Geoige R Cluke, M D (63 invitition), Milwaukee, Wisconsin 
Discussion William T Gieen, M D , Boston, Missichusetts, 

J Wairen White, M D , Gieen\alle, South Caiolnix 
The Mechanism of the Structuial Changes m Scoliosis 
Alvin M Aikm, M D , New Yoik, N Y 

Discussion Henry F Ullrich, M D , Baltinioie, Mai3dand, 

Joseph C Risser, M D , Pasadena, Califoima 

The Mechanism of Endosteal New -Bone Formation m Estrogen-Treated Mice 1 1 1 C 

Marshall R Urist, hi D (b3mnvitation) , Ann Mane Bud3^, B S (b3miivitatioii), and Fian 

McLean, hi D (b3>^ invitation), Chicago, Illmois 
Discussion A R Shands, Jr , hi D , Wilnungton, Delaware, 

Robert W Johnson, M D , Baltimore, hlaryland 
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TiiunsDAi, January 27 


Causes for Amputations Peifoimcd at Waltci Reed General Hospital m Years 1947 and 1948 

Lieutenant Colonel Llojd W Taylor, M C (by invitation), and Colonel August W Spittler, M C 
(by invitation), Washington, D C 
Discussion Rufus II Alldredge, M D , New Oilcans, Louisiana, 

Fiancis M McKccvcr, M D , Los Angeles, California, 

Mather Cleveland, M D , New Yoik, N Y 
Fractures of Both Bones of the Forcaim in Adults 

Robert A Knight, M D , and George D Purvis, M D (by invitation), Memphis, Tennessee 
Discussion Walter G Stuck, M D , San Antonio, Texas, 

D B Slocum, M D , Eugene, Oregon 
1 1 insplantation of the External Oblique Muscle for Abductor Paralysis 

1 owcll Thomas, M D , Indianapolis, Indiana (by invitation), T Campbell Thompson, M D , Non 
York, N \ , and L Ramsay Straub, M D , New York, N Y 
Discussion Frank D Dickson, M D , Kansas City, Missouri, 

Leo Major, M D , Neu York, N Y 
P'^eudarlhrosis Follow ing Operation foi Spinal Fusion 

I'dgar L Ralston, MD, Philadelphia, Pennsjdvania (by invitation), Walter A L Thompson, 
M D , New York, N Y (bj-- invitation), and Alan D Smith, M D , New York, N Y 
Discussion Joseph A Freiberg, M D , Cincinnati, Ohio, 

Fremont A Chandfer, M D , Chicago, Illinois 


At the Instructional Course dinner on Saturday night, an “Information Please” program was presented, 
w Inch w as both instructive and entertaining 

The Annual Dinner was held on Wednesday evening After appropriate introduction by President 
Henrj of the men seated at the head table, a short, informal talk w as given by Mr H A Brittain 

The second Executive Session was held at 12 30 p sr on Thursday, at which time the aw'ards listed heie- 
with were announced The presidential medallion was presented to Dr Mjron 0 Henry by the past Presi- 
dent, Dr Rex L Divelej' The gavel was presented to the new' President, Dr Mather Cleveland, by the 
retirmg President, Dr Henry Following a short acceptance speech by Dr Cleveland, the meeting was 
adjourned 

The following aw ards w ere made by the Committee on Scientific Investigation 
Class I Originality in Research Problems 

Award William Cooper, M D , New' York Hospital for Special Surgery, “Aseptic Necrosis of the Fem- 
oral Head in Adults” 

Honorable Mention Henry W Meyerdmg, M D , Mayo Climc, Rochester, Minnesota, “Benign and 
Malignant Gianf^Cell Tumors of Bone” 

Honorable Mention Carl E Badgley, M D , University of Michigan School of Medicine, Ann Arbor, 
“Ehlers-Danlos Sjmdrome” 

Class II Scientific Importance and Information 

Award G W N Eggers, M D , and T O Shindler, M D , University of Texas School of Medicine, 
Galveston, “The Influence of the Contact Compression Factor on the Osteogenesis of Surgical 
Fractures ” 

Honorable Mention Robert Lee Patterson, Jr , M D , Frank F Parrish, M D , and Elw ood N Hatlia- 
way, M D , New York Hospital for Special Surgery, “Stabilization Operations on the Foot” 

Honorable Mention Irvin Stein, M D , and Raymond O Stein, M D , Philadelphia, Pennsylvania, 
“Chemistry of Bone Lesions” 

Class III Clinical Value 

Award Walter P Blount, M D , Donald W McCormick, M D , and George Clarke, M D , Milwaukee 
Children’s Hospital, Milwaukee, Wisconsin, “Temporary Arrest of Longitudinal Bone Growth by 
Epiphj'seal Staphng” 

Honorable Mention David M Bosw orth, M D , Alfonso Della Pietra, M D , and Richard Farrell, M D , 
New York, N Y , “Streptomycin in the Treatment of Joint Tuberculosis with Mixed Infection” 

Honorable Mention Fred C Reynolds, M D , and David R Oliver, M D , Washington Umversity 
School of Medicine, St Loms, Missouri, “Merthiolate Bone Bank” 

The followang aw ards w ere made by the Committee on Audio-Visual Education 
Gold Medal Herbert N Coleman, M D , Toronto, Canada, “Surgery of the lUiee Joint” 

Certificate of Merit Armin Idem, M D , Robert J Joplm, M D , John A Reidy, M D , and Joseph Hanelin, 

M D , Boston, Massachusetts, “Slipped Capital Femoral Epiphysis” 
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Certificate of Merit David M Bosv orth, M D , Richard Farrell, M D , and Alfonso Della Pietra, M D 
New York, N Y , “Tuberculosis of Joints Following Use of Streptomjcin” 

Honorable Mention Ljon K Loomis, M D , New Orleans, Louisiana, “Stenosing Tenosynovitis at Radial 
Styloid Process” 

Honorable IMention Benjamin Fowler, MD, Nashville, Tennessee, “Intiamedullary Fixation of the 
Femur” 

The follownng aw aids weie made by the Committee on Gadgets 
Duncan C McKeever, M D , Houston, Texas, “Disposable Towel Clips” 

Donald B Slocum, M D , and Donald E Moore, M D , Eugene, Oregon, “A Method of Back Strapping” 
Hugh T Jones, M D , Los Angeles, Califorma, “Pedangle Back Rest” 

The Seventeenth Annual Convention wall be held at the Waldorf-Astoria, New York City, Februar> 
11 to 16, 1950, under the piesidenc} of Di Mather Cleveland 


COMPTON RIELY 
1872-1948 

Dr Compton Riely of Baltimore died in Martinsburg, West ^brgmia, on July 27, 1948, at the age of 
seventj'-six Born in Summit Point, West ^brginia, he received his medical education at the Universitj of 
Maryland, w here he w as graduated in 1897 For manj'^ years he w as connected w ith the division of ortho- 
paedic surgerj^ at his alma mater and held the rank of clinical professor 

In addition, he w as certified as a specialist by The American Board of Oi thopaedic Surger 3 ', w as a fellow 
of the American Medical Association, and a member of The American Oi thopaedic Association He was 
affiliated with the Carabndge-Mar 3 dand Hospital and the Umversit 3 ’’ and Franklin Square Hospitals o 
Baltimore He was also attending surgeon on the staff of the Kmg’s Daughtei-s’ Hospital m Martinsburg 
The death of Dr Riel 3 '' marks the passing of one of a gioup of suigeons, of whom onl 3 '^ a few leniain, who 
helped bridge the gap betw een the older conservatism and the brilliant surgical aggressiveness of modern 
orthopaedic treatment He brought the benefits of his specialt 3 ’' to the lemoter parts of Mar 3 land and Wes 
Virgima, 3 mars before the introduction of more elaborate and systematic care of the crippled, first b 3 volun 
tary orgamzations, later by state and federal agencies He was a deterrmned individualist and often it was 
difficult to convince him that methods other than his own had merit In the mam, he emplo 3 'ed non-operatnc 
means whenever possible and relied to a great extent upon splints, braces, and casts In the field of immo 
lization he w as adept A cast w as applied wuth meticulous and time-consuming care, but finally there emerg^^ 
an efficient and handsome support He had great confidence m the healing pow er of prolonged rest, convin ^ 
tliat nature, if given ample opportumt 3 ’-, WTought the desired lesult His methods doubtless brought co 
and relief to many who came under his care 
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1SS7-1949 


On F^lmln^^ 20, 1949, \ithui G Davis died, at a (inio when he ^\as at the height of his professional 
ciutr ind w is iclivch ingiged in conducting a taige piivatc pi icticc and m caiing foi the crippled pooi m 
his coiniminiti With his p issiiig, oi thopacdic suigeiy has lost one of its most energetic and original thmkeis 
and noithwestein Peniisilvania has lost the man who pioneered in the development of orthopaedic surgery 
in that legion and continued to woik untiiingl 3 ' m this field 

Vrthur Divis was hoin in Seining, Ontaiio, m 1887, and his familj" moved to Buffalo m 1896 He was 
educated at the l'ni\eiS'it 3 of Buffalo, receiving his bacheloi’s degree m 1907 and his doctorate of medicine 
m 1913 He becime inteiestcd in oithopacdic surgcij' while sciving m the United States Vimy during the 
First World War Vftcr Ins discharge from the Vimy, he spent eighteen months in Boston at the Massa- 
chusetts General and Chikhen’s Hospitals, furthering his training in this specialty He then began the prac- 
tice of orthojiaedic surgerj' in Erie, Pennsj'lvanin, and, bj'' industr 3 '^ and ability, rapidly established himself 
as a leadei in the communit 3 , both as a surgeon and ns a citizen 

Relatneh soon after beginning practice, Dr Davis became interested in compression fractures of the 
spine In spite of his remoteness from a suitable laboratoi 3 ', he studied anatomical material and determined 
tint, m these injuries, the anterior longitudinal ligament remains intact and is an unusually strong structure 
He then reasoned that the dcformit 3 in compression fractures of the spine could be corrected with safety by 
genth manipulating the spine in 113 perc\tension A method embodying the principles of manipulation, 
combined with traction, was devised and applied to patients with compression fractures of the spine The 
results were surpnsingh good, and a description of the method and of cases illustrating the results obtained 
b 3 Its use was submitted to The American Orthopaedic Association as a thesis in 1928 The work * was 
accepted immediatel 3 and has revolutionized our treatment of these fractures 

Also in the 1920’s, Dr Da\ns conducted experiments upon the irradiation of milk with ultraviolet light, 
m an effort to prcient rickets The completion of Steenbock’s work on Vitamin D made this unnecessary 
He also contributed to our knowledge of the treatment of fractures, especially those of the leg, m which, 
he used the fibula to aid repair of the tibia I^Tien the treatment of fractures by reduction machines and 
external skeletal fixation was receiving undue emphasis, Arthur Davis presented a series of cases m which 
union had been delayed or prevented by the distraction wdiich is so easily obtained and maintained by this 
method, and offered a theoretical explanation of the mechanism by which the ill effects were produced 
Alw a 3 s a keen student of the surger 3 ’’ of trauma, he w as one of the foremost exponents of the pressure dressing, 
combined with immobilization, in the treatment of compound fractures, and presented brilliant results m a. 
series of cases treated by his method 

Dr Davis w as greatl 3 ’’ interested in research and often spoke wath envy of those w hose lot w as cast in 
an environment w here opportumty to study and adequate laboratory facilities w ere available How ever, it is 
possible that, had such been his lot, the world would have been the poorer His forte was clinical research and 
the treatment of patients 

His life might well be an inspiration to men who practise in localities remote from medical centers 
I nder such circumstances, Dr Davis worked untiringly and enthusiastically for twent 3 "-six years, and 
throughout this period he continued to contribute to our knowledge and remained an important figure in 
American oithopaedic surger 3 ’' A dreamer of dreams, a poser of questions about the universe, and a good 
companion, he wall long be missed by his communit 3 ’’, his friends, and his w ife and four children His w ork 
will live Trul 3 , it ma 3 be said of him that “the greatest rewaid for haid work is the ability to do moie and 
better w ork” 

* Fractures of the Spine J Bone and Joint Surg , 11 133-156 (Jan ) 1929 


\ OL 31 A 2 APRIL 1949 


45S 



Book Reviews 


Phtsiologt of Motion' Demovstrated bt Means of Electrical Stimulation and Clinical Obseri i 
T ioN AN'D Applied to the Studi of Paraltsis and Deformities Dr G B Duchenne Translated 
and Edited by Emanuel B Kaplan, M D Philadelphia, J B Lippincott Companj-^, 1949 
This book, M hich onginally appeared in 1867, represented the results of more than t\i enty years of 
investigation on the phj siology of motion in man The first idea of the author m as to deterimne by electro- 
muscular expenmentation and clinical observation the proper actions m hich muscles produce, their mech 
amsm, and the sources Mhich contnbute to the normal position of extremities dunng rest By localized 
faradization of mdixudual muscles, he intended to confirm the observations of the older anatomists, who had 
devoted so much studj”- to the anatomy and physiologj’' of muscles 

Duchenne’s earlj expenments convinced him that this localized faradization vas insufficient to gi\e 
an accurate imderstandmg of the phj’siologj' of voluntary motion He came to realize that clinical obsena 
tions of the action of individual muscles m relation to others of the group, both m normal and abnormal 
conditions, were necessary' m order to understand physiological sjmergj of muscles This led to the stud} of 
many patients with generalized and incomplete paral 3 ses, special interest being m the patient with \en 
limited paralj’sis 

Bj such observations, Duchenne came to understand the function of the individual muscles and their 
relation to one another, also the compensation provided when even one was atrophied or paralyzed Without 
the exact knowledge of these facts, it was impossible to explain the mechanism of manj'- deformities and 
distortions, and to determme the treatment indicated Convinced of the importance of his findings, Duchenne 
undertook the w nting of his book as a contribution to the solution of this physiological problem 

The first two parts of the book are devoted to the study of motion of the upper and lower extremities 
The thud part explains the respiratorj' movements and movements of the craniovertebral column, with an 
appendux which discusses the relation of sight to voluntarj'- motion A supplement, added at the request of 
the publisher, deals with motion of the face 

\''aluable as Duchenne’s book is, it has not been generally read bj surgeons of the English-speaking 
world, because its treasures w ere hidden in a difficult French style, and the old French nomenclature differs 
completely from the nomenclature adopted bj modern English and Amencan anatomists Dr Kaplan has 
rendered a great service to the profession in making available in English this valuable classic Few will 
appreciate the magmtude of his task, but, because of its accomplishment, many wull be able to study Du 
chenne’s investigations and conclusions The book will be of real value to the anatomist, the orthopaedic 
surgeon, the neurologist, and all w ho are interested m the problems of rehabilitation 

The illustrations are line drawings reproduced from the ongmal text Quite suitably, the tjT® 
the book IS a type face of French ongm The book is beautifull}' pnnted and bound, a credit to the publishers 
who have undertaken this w ork 


La LUSSAZION'E CONGENMTA DELL’aNCA NuOXM CRITERI DIAGNOSTICI E PROFILATTICO-CORRETTin Manno 

Ortolam, Bologna, Cappelli Editore, 1948 1,500 lire , 

The secret of success in the treatment of congemtal dislocations of the hip is earl 3 ’- diagnosis To 
end, man 3 ’’ different tests have been devised In the mam, these tests are based upon roentgenographic cn 
tena and disclose anatomical vanations from the normal w hich are suggestive of a congenital dislocafiM 
Generall 3 speakmg, these tests cannot be depended upon during the first three months of extra-utenne 
1 period that what the author calls the "segno dello scaito ” — ^which ma 3 ’' be ree 


It IS precisel 3 ’- during this period that wUat the author calls the "segno < 
translated as the “jump” sign — ^is especiall 3 valuable and is, m fact, pathognomonic 

The “jump” sign is elicited with the infant supine The lower extremities are fixed upon 
and held in a position of slight adduction and internal rotation The extremities are then slow ly a 
and extemall 3 rotated As the femoral head mounts the bamer of the glenoidal labrum, escaping 
acetabulum, a charactenstic jump can be felt and sometimes heard This is similar to the manoeuvre 
was formerly recommended as a test for the stability of closed reductions of congenital dislocations 
The first portion of this excellent monograph is devoted to a careful study of the anatomical asis 
“jump” sign This is accomplished by careful arthrograms, roentgenograms, and anatomical issec 
The latter part of the work is gii'^en over to a descnption of the method of treatment by flexion an 
abduction, wrthout immobihzation m plaster jj. jg pro- 

This IS a valuable contribution and would well merit translation into the English language 
fusely illustrated wrth photographs of roentgenographic reproductions and anatomical dissections 
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1U( Am \N( IS IN Siiunin ImI 3 Hiuold C iMlwards, C B L , M S , F R C S London, J and A 
Churtlnll, 21 slullings, Pliilndcljihia, The Blakisloii Company, 1948 80 50 

1 his voliinu, the firet. ti\o iditions of whicli wcu edited by Sir Heneage Ogilvie and published m 1928 
ind 1929, IS an attempt to show cm rent suigical practices to the returned war suigeon or his confrere who 
h IS been un ible to keep up wath contemiioiaiy surgical liteiature It is necessarily sketchy as regards detail, 
but the bibliogi iph\ is idequatc 

It IS divided into seven puts General, which includes wound healing, shock, burns, water balance, 
et ccte'ra, the Aliment ir\ 1 ract, which also deals with the panel oas and spleen, but not the gall bladder, the 
Blood ^ issels, and the Ductless Glands All of these sections were written by the Editor A section on the 
1 liora\. In R C Brock, discusses surgcij of the heart and bronchial carcinoma DWG Northfield has 
contributed i section on the Nervous System which is rather more inclusive and detailed than the rest of the 
volume The find pirt is on Radiotherapj in Malignant Disease by Sir Stanford Cade, m this section the 
methods for treating each tjpe of malignant disease arc outlined 

\s the Editor states in the Preface, manj subjects have been omitted and the reports on some had be- 
conu outdated b\ the time the pige pioofs were read On the whole, however, this volume represents a 
reasonable comiilete sureej of the developments in surgery during the past few years The writing is simple, 
clear, and eminent^ readable The authors’ opinions arc constantly e\pressed in controversial matters 
For the surgeon who has fallen behind in his reading of current surgical literature and for the physician 
ee ho ee ants to know w hat new surgical procedures may benefit his patient, this volume wall be of value 


BACTERiei AND Micotic Infections of Man Rend T Dubos, Ph D , Editor Philadelphia, J B Lippm- 
cott Companj , 1948 ^5 00 

In his Preface, Dr Dubos states that this book is intended to present “some knowledge of the bacteria, 
actinomjeetes and molds pathogenic for man, as well ns of the phenomena which characterize the infectious 
process’’ Included are the fundamentals of bacteriology, — the morphology and physiology of the bacteria 
and their pathogenic properties, as well as a discussion of immunity, allergy, and epidemiology 

The book deals wath those relationships of parasite and host w hich concern the infectious diseases The 
largest portion is devoted to a discussion of bacterial and mj cotic groups The disease oi diseases caused by 
a parasitic agent are considered, and their treatment is outlined Each chapter has been w'ritten by an 
authoritative worker in the field, and thus each subject is treated as an entity Although this method of 
presentation fails to correlate the various diseases one wath another, it makes the book of more value for 
reference 

An obvious lack in a book such as this w ould appear to be any mention of the virus or rickettsial dis- 
eases, but the omission was intentional These agents are being discussed m a separate volume 

This work has been prepared from a practical rather than a theoretical point of view, and definite 
laboratory methods are set forth It w as wTitten pnmanly for medical students, but will have interest for the 
general practitioner, as he comes in contact with the problems of infection Each chapter contains a bib- 
liographj with references to recent publications by other workers The whole subject has been presented 
clearlj and concisely, and represents a valuable contribution to the bacteriological literature 


British Surgical Practice Volume 3 Edited by Sir Ernest Rock Carling, FRCS, FRCP, and J 
Paterson Ross, MS, FRCS London, Butterw'orth and Company, Ltd , 60 shillings (25 pounds for 
the set) , St Louis, C V Mosby Company, 1948 S15 00 (S125 00 for the set) 

The third volume of British Surgical Practice, recently issued, is of special interest to Journal readers, 
because of the sections w hich happen to be included in this alphabetical division Most important of these 
IS “Deformities”, prepared by H Osmond-Clarke, FRCS, of the London Hospital The various types of 
congenital and acquired deformities are clearly and concisely presented, wath the etiology, clinical picture, 
differential diagnosis, and treatment, most of them illustrated with excellent photographs, drawings, or 
roentgenograms 

Other chapters of value to the orthopaedic surgeon are “Contractures”, by L W Plewes, MD, 
Luton and Dunstable Hospital, “Cervical Rib and the Scalenus Syndrome”, by Lambert Rogers, FRCS, 
Royal Infirmary, Cardiff, “Diseases of Epiphyses”, by H E Harding, FRCS, Westminster Hospital, 
London, and “Chordoma”, by Harvey Jackson, F R C S , St Thomas’s Hospital, London 
The present volume is additional evidence of the great value of this senes to the surgeon 


British Surgical Practice Volume 4 Edited by Sir Ernest Rock Carling, FRCS, FRCP, and I 
Paterson Ross, MS, FRCS London, Butterworth and Company, Ltd , 60 shillings (25 pounds for 
the set) , St Louis, C V Mosbj' Company, 1948 S15 00 (S125 00 for the set) 

This book, another in the excellent senes dealing wath conditions usually treated by surgical techniques, 
follows the same plan as the earlier volumes, the raatenal being classified under definition and etiologj% 
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clinical pictuie, diffeicnlnl diagnosis, lieatmcnt, results, and prognosis Of special interest to Journal readers 
are the cliapteis on “Fascial Giafts”, by W Edward Gallic, M D , of the University of Toronto, “Surgen 
of the Foot”, by T T Stvinm, F R C S , of Guy’s Hospital, London, “Fractures, Dislocations, Fracture 
Dislocations and Allied Injuiies”, by F W Iloldswortli, FRCS, of ShefTidd, “Gunshot Wounds and 
Allied Injuries”, by C G Rob, F R C S , of St 1 hoinas’s Hospital, london, “Hand”, by' J X Barron, 
FRCS Ed , of Paik Prewett Hospital, Basingstoke, and “Faeio-Ma\illary Injuncs and Deformities”, 
by' Rainsford Mow 1cm, F R C S , of Middlese\ Hospital, Ixiiidon, and Hill End Hospital, St Albans, and 
B W Fickling, F R C S , of Hill End Hospital, St Albans 

The senes is a valuable one, the niateri il carefully prep ired, well illustrated, and attractively presented 


Campbeli ’s OPERATiy I- OuTiioiLDirs Ed 2 I dit(db\ 1 S Spcid, M D , and Hugh Smith, M D St Louis 
C V Mosby Compan\,1910 ^30 00 

In the first edition of “Opei itive Orthopi dies”, prepare d in 1030 b\ ilhs C Campbell and his associ 
ates, the purpose was to piesent to the c xpenetiK d orlhojiai du surge on tin \arious jirocedures which might 
be used m treating a given condition tin operation of ihoni was iisii illy indicatid and the reasons therefor 
The second edition of this woik has In c n jiiep in d iirimanh for a somi w hat different reader,— the Ic' 
espenenced surgeon, well educated in the principli*' of orthojindic surge r\, but It'-'- able to make the wa'e 
decision as to the pi oceelure melicateel in the inili\ leltial e i>-i lortln e on\ e me in c eif this audience, prehminan 
data have been adelcd, w liieli Dr Camjibell woulel lia\i e onsnle n d alri leh well iinelcrstooel by the colleagues 
whom he had in mind as he outline el tin mate rial for In*' book Be e ui‘-i of this eliffe re nt point of \ic\\, much 
of the test of the original edition has be e ii emiitle el anei a gri it ele il of new mate rial aeleleel 

The development of in w te e Iinique s in the 1 ist le n vi us ha'' e die d for the inclu'-ion of much new ma 
terial, offering a wider choice of jiroceeluri feir tin surge on Care fill alte ntioii has be e n given to the prehminan 
data necessaiy for the underit indiiig of the u^e of the various proi e dun s, as well as to postoperUive care, 
so important for the in i\imuni benefit fiom a given ojie ration 

In tin present itioii eif this lie w in iterml, iiianv new illustrations Ipiv i be en useel, t ike ii largely from the 
journals in w Inch the vaiious ojk ntioiis or n fine me nis h ive be i n first prt m nte el bv the' inilividiial surgeon', 
to whom ciedit is given 

Ihree new chaiiters hive been aeleleel “ Pneiiie rative ainl Posteiperative Care*”, "Amputations , 
written by Dr Donalel B Sleicum, forme rlv iissen late el with Dr Camiibe 11 , and “Perijiheral Nerve Iiijunos”, 
written by Dr Fi iiicis Murjiln v , Xssoeiite Din e teir eif \i urosiirgi rv it the I iiive r-itv of leiiiicsscc •Vnew 
section on “Rujiture of Liiinb ii Discs”, aNo wiitten by Dr Miiriilnv, has bean adiliel to the chapter on 
“Miscellaneous AfTectioris of leiiiits” I he* in w s(<tion, “Molel \rthropl istv of the Hip”, added to the 
chapter on “Arthioiil isty ”, was written bv Dr M \ Siuith-Pi'terson of the Miiss.utui«etts Gcncnl Ho"- 
pital Dr R A. Knight, who wrote the chajite r on “Misee Ihineous Affi ctioiis of the Nervous System”) 
associated with Dr Wiiithrop M Phelps foi one year aiiel lie know li elgcs his Inlii m this field. Dr Phelp 
reviewed the section on “Cerebral Palsy ” 

All of the other authors who hav e contribute el to this i \te iisive work an iiiembe rs of the st iff of the 
Campbell Clime Di Sine el anil Dr Smith, the J elitois., (ollaborated with Dr C iiiipbe 11 in the jireparationo 
the first edition Ceitimly Dr Cani|ilnirs associates have hoiioreel him in lomjiiliiig this more complete 
edition of “Opeiativ'e Oitho]Kchcs” 

The first edition Ins been reiogiu/ed as an invaluable nfi'niiec book for all working in the field o 
orthopaedic suigerv , the new eehtioii will be of even greater value to the younger and less experience 
operator The Editoi-s and the publisheis, mav well be jireuiel of this e ontributioii to ortlioji leelic literature 


Plasteb OF Paris Ieciinic I'd 2 helwiii 0 Geekelci, M D Baltimore', 3 he ilh ims aiienVilkins Com- 
pany', 1948 83 00 

It is an art to use iilastei-of-Paiis skillfullv Like othei aits, peifeetion comes only through 
diieeted along coiiect lines In this little volume the aiithoi has stiesseel the aeeepted method, not on 
text, but by carefully chosen illustialions The ineoiuet method, m leituu inst iiues, is depicted by 
resulting glaring mist ikes 

Plaster fixation foi V'aiious conditions iiivolv'iiig any jiait of the body is considered in a 
anatomical fashion, st irtiiig with the occiinit and jiiocec'diiig by wav of the veitebial column to eae 
liemity' Two chapteis aie devoted to plaste'r teehnique in wai suigerv 1 ho author has included v eia 
on “Follow-up Caie” which goes be'yond the aetiial use of jilaste i-of-Paiis 
This monogiaiih might well be a jiait of the jilastei-ioom equipment 


T'lii Mfdicae Annual A Year Book oi 3 rlatvienu ami Pr vriiTioNFu’s Index. Editors 
Tidy, IxBE, MA, MD (Oxon ), FRCP, and A Renelle Shoit, M D , B S , B Sc , i' 
Bristol, England, John Wiight and Sons, Ltd , 1918 the 

3'lic Medical A 7 mual foi 1948 leiiiiseiits the sixtv-sixth yiai of publiealion of this conipi 
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cmi-Liit (l^^tlopnKnts in niwliune nul suig(i> in Gicat Biilain Tho foimat is essentially unchanged, biief 
discussions ill c iiiLludLd of incdicnl topics, ai i anged alpliabeticallj , follow cd by lists of recent pharmaceutical 
pupil itioiis ind ippliances, and of IBiitish and Ameucan books published duiiiig the j^cai 

Littli in the most lecent issue iieituns diicctlj to oithopacdic suigeiy, but an interesting discussion 
of ipiplnst-il disordeis, including djsiilasia epiphysialis multiplex and piematuie cessation of epiphyseal 
growth iboiit the knee joint, is piesciited by 1' P McMiiiiay, Emciitus Piofcssor of Orthopaedic Suigerj 
of tin Lnnu-silt of Lucriiool Mi McMuii i} also deals with the lelation of the pyiiformis syndrome to 
sciitic pain “The term pjiifoimis SMidiomc is applied to that type of sciatica which is due to abnormal 
conditions of the jijriformis muscle, which aic invaiiablj tiaumatic in origin ” 

Ihc subject inattoi of the Aimual is compiehpiisive and, with its excellent index, the book is especially 
useful for reference 


TrxTHOOKOi Cinnopoiix Maigarct .1 McKcnnc Swanson, B Litt , F Ch S Edinburgh, E and S Living- 
stone, Ltd , 20 shillings, Biltimorc, The Williams and Wilkins Company, 1948 85 00 
This IS a short treatise, written primarily foi students of chiropody, still, it contains many practical 
aids which max be of value to anjonc interested m foot problems The book includes defimtions of patho- 
logical foot conditions, cxceptionallx well illustrated, followed by a description of the type of treatment a 
chiropodist is equipped to give 

The author is to be congratulated on giving us a well-written, concise monograph on the diagnosis and 
treatment of foot ailments 


PnACTunES AND Dislocations for PnAcriTioNERS Ed 4 Edwin 0 Geckeler, M D Baltimore, The Wil- 
liams and Wilkins Companj , 1948 S5 00 

The xx orth of a book x\ hich has w arranted four editions in less than eleven years is almost self-evident 
The latest edition of Dr Geckelcr’s text contains no extensive changes over the preceding edition, but recent 
developments in traumatic surgery, many of them the result of experience gained in World War II, are in- 
cluded About twenty illustrations have been added 

The subject matter is presented simply and concisely, and the text is well illustrated Discussion of both 
immediate and follow-up treatment is included The author states “Emphasis has been placed on funda- 
mentals for the student, and only the most practical methods have been selected for guidance of the prac- 
titioner” As a dependable, common-sense guide to present-day methods of treating fractures and disloca- 
tions, this book has proved of value 


Polio and Its Problems Roland H Berg Philadelphia, J B Lippincott Company, 1948 $3 00 

Mr Berg has traced the ex-perimental work xvhich has been done on poliomyelitis during the present 
centurj , xx ith comments on some of the larger epidemics of the disease Particular mention is made of the 
contributing role of the National Foundation for Infantile Paralysis An interesting discussion of the Kenny 
method is presented, xx ith the statement that the percentages of mortality and of residual paralysis follow- 
ing the Kennj treatment closely approximate those observed by physicians using other methods 
The book is obviously xxntten for the layman rather than the scientific xxorker 


Collateral Circulation (Anatomical Aspects) Daniel P Quiring, Ph D Philadelphia, Lea and Febiger, 
1949 S5 00 

This small book describes the chief arterial and venous collateral channels of the body The author states 
“The term ‘collateral circulation’ denotes the subsidiary vascular channels, everyxxhere present in the 
circulatory network, which are a secondary line of defense against vascular breakdoxxm These channels 
tiansport the blood xxnth varjnng degrees of effectiveness xxhen the mam channels become occluded or in- 
terrupted ” The factors xx Inch are considered as determining the establishment of collateral circulation are 
outlined, and are fundamentally those set forth in 1924 by Spalteholz 

Much of the description is given by means of diagrams, many of them based on original dissections 
After a brief discussion of the formation of capillary, arterial, and venous channels, the collateral circulation 
foi the head and neck, trunk, heart, and extremities is considered 

Dr Quiring, xx ho is head of the Anatomy Division at the Cleveland Clinic Foundation, has not attempted 
to discuss fully such a broad subject He has, however, provided a useful reference book, those xx ho wash more 
specific mfoimation on circulatory problems max^ find his bibliographx of value 
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SPECIALIZATION IN MEDICINE WHAT IS ORTHOPAEDIC SURGERY^ 

B'i « \LPH K GHORMLni , M D , ROCHESTER, MINNESOTA 

As long as the piactice of medicine was an ait wathout much backgiound of scientific 
knowledge, theie was little oi no need foi specialization The physician wath his imposing 
piesence might contiol the situation, how'evei seiious it seemed With the advancement 
of knowledge due to the accumulation of scientificall}' pioved facts, the need for special- 
ization has aiisen, and specialization m medicine and suigeiy has developed wadely in 
this countiy and in most of the w'oild wlieie modem’ medical methods aie in use 

Specialization has developed because scientific discovery has waped out many of the 
old concepts of illness and disease, and has made an accurate scientific knowdedge of both 
diagnosis and tieatment necessaiy to modern piactice The many fields of specialization 
m medicine are developing so lapidly that one individual cannot possibly keep up to date 
on all of the scientific facts available Indeed, m some instances it is difficult for a special- 
ist to keep up with all of the newei developments m his owm field , 

In attempting to come to any conclusion legarding the scope of orthopaedic surgery, 
one must consider its past piogiess, its piesent position, and its possible future develop- 
ment 

Piom time to time, many effoits have been made to define oithopaedic suigery A 
review of the pi esidential addresses of the past Presidents of this Association show's that 
many of them were thmlcing about this, and in some instances they went so far as to at- 
tempt to define oi outline the scope of our specialty One must lecognize the impact on 
our specialty of the developments in the entiie field of medicine and surgery, for these 
hai'e influenced its gi owdh in manj' w'ays 

As each specialty develops some new' phase of knowledge, new' challenges to the old 
order arise As long as w'e are free to advance that know'ledge w'lthout the stifling influence 
of political control, new ideas w'lll be developed and tried, and, as knowledge and facts 
gather w'eight and importance, new' specialties w'lll aiise The success of each group in 
delivering to the patient satisfaction in alleviating his ailments w'lll be the guide to the 
peimanency of that group in the w'orld of medical specialists 

The borders of most specialties are not cleaily defined, and orthopaedic surgery is 
no exception to this Constant changes in the scope of a specialty w'lll be noted, just as 
the individuals in that specialty inci ease their know'ledge and skill in the care of cei tain 
conditions w'hich may be called borderline As medical know'ledge advances by the de- 
velopment of scientific facts, specialties w'lll ultimately tend to become more stabilized 
Whether w'e w'lll ever reach a stage of complete stabilization is, of course, speculative 
Theoretically, such a stage might be reached w'hen our know'ledge of scientific facts has 
become completely evolved 

^ 1 1 1 me emphasize my belief that, w'hile specialties develop and specialists become 
more expert in then chosen fields, the need for coopeiative effort by specialists in treating 
many individuals becomes more evident Nothing is more pitiful than the sight of a highly 

* Presidential Address read at the Annual Meeting of The Amencan Orthopaedic Association, Colorado 
Springs, Colorado, May 20, 1949 
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specialized individual facing some pioblcm enliicly outside the limits of his 
without the aid of someone vcised in (he caic of (hat pailuulai condition 

In tiacing the development of the limits of oui spe(Ia](^ of oiOiopaedic singcr;i 
must of couise stait vith the Oilhopacdta, a hook wrdtcn in 1741 h\ \.ndi3, a Prr- 
of Medicine in the Royal College and senioi dean of the Fac nit's of Pin sick at F 
Andiy coined the teim “Oi thopacdia” and, despite mane elToits to lane that l 1 
changed, it has lemaincd j 

The title page of the English (lanslation of Vndi \ s OithopfUflta icu cals (he follor j 

“Oi (hopaedia 
Oi , (he Vi ( of 
Collecting and Piexenting 

Defoimities 

in 

Ciiildien 

Bj such !Means as mas e mh be put in Piailneln 1’ iieiits thenneh cs 
and all Midi as ue emplosed in 1 diuating Ciiildien 

'I () uiiK h n add( d * 

a D( feiisc of t he ( )i I hoj) u di i 
In was of .StippIeiiK lit bs th(> \uthoi 

The scope of this tieitise is bioul (oscaing not onis the jiies ('iition and (oiiectii 
of defoimities bs such me iiis as sccined to the uithoi to be is iilihic at that time, b 
also mans pli.isps of what would now be legudid is tlie woik of dermatologists, beau 
specialists, and teac Iicis of speec h i oiiet tioii \\ In tin in dost iihcd ^ndis s woik as “ini 
sense a sdcntilu woik, csen fiom the st uulpoint ol th it tiim It was what might becalli 
a nuiseis guide, in it wcie (oiisideied not onls the i ommoii postuial defoimities, but, 
much gicatei length e\(ei nal defei ts ind blemishc s isofthehui iiid skin, which con 
not be c one c ded ” 

Ms leading of Oithopmdid hauls me to Ik in agi cement ssith hit mm that its scie 
tihc s due is doubtful, putuulails in t he* light of picscnt knowledge 

\.t 1 latei due Bigelow ifteiw ud Piofcs^oi ofSuigeis at Ilusaid in a clisseitatic 
foi the Boslston Piizc foi KS 1 1 wiote on the ciuestion “In what cases, and to win 
extent is the chs ision of must U s tendons oi othei p ii ts, jnopei foi tlic lehcf of defoimit 
oi lameness’ ’ Bigelow st ued “ It is bedim ed th it the genci d intention of the Committe 
ssill be fulfilled bs an attempt to losei thegiound now occupied bs Oi thopcclic Surgeis 
In the papei Bigelow coseied the following subjects sli diisimis, st imineiing tenotomy 
club-foot, toituolhs, false “ mkslosis ’ ot (he knee joint, iickets, peimaneiit flexion of tl: 
hip joint, anks losis kitoKil cuisatuie of the spuie, loiiti ictioii of the hand and finoCi 
congenital dislocations, and subiut uieoiis section of (he uticulai muscles 

In a piefice to the abos e-meiitioiu*d papoi Bigeloss stated that he had coiisvi e 
the wiitings of Gueiin and otheis, “cspecidls the biochwt^oi M Gueim, who has bee 
foi some time the leading Fieiuli oithopedist It is possible that M Giieiin u 

ayailed himself of the suggestions of piesious ssiiteis, that, in common ssath othei spec ^ 
ists, he has os^ei estimated the impoitanco incl the cffic us of his ait, that he has 
mdiscieet in its application, and that ‘the chsision of foits-two tendons, muscles, ej 
upon the same subject ’ was an audacious uncleitaking lathci than ‘a lemukable acn^^ 
ment' But it should not be foi got ten that the scientific acquiiements and piactica s 

of this oithopedist aie undisputed ” 

With the establishment of oiii Association in 1SS7, the specialty became 
bettei defined In oidei to glean some facts as to the lecogmzed scope of oitliopu^^ 
suigeiy thioughout the jmais of existence of The Ameiican Oithopaedic Associa lo^^^ 
haye leview'ed (he piesidential adcli esses of most of the past Picsidents of the Assoc * ^ 

In 1S04, Phelps stated “Then woik [oithopaedic] was confined to the app icu 'o 
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r' »'>:}' ('Honu' (l('f(. mil V wlion i( was nol consideied a saciilego to do so 
' iiiniiinMU niuiii^ o'" tim uidonl orthopaedist wvis, at least, the equal of our piesent 
)lniH’(s m point of ingeilTiilv md inliicuv And the biaces used at the present time 
iiini!: (he II iiiu“> of model II men, siqiposod (o be modem inventions, aie nothing more 
less with but b'w e\(ep(ions, (h in (he icviv.il of the old ideas of the past ” 

“But the s-nem e ol smgeiv did piogiess, and it giadually made inroads upon the 
1(1 of the oitho]Hudi\t, ind he soon saw m.inv of his pet defoimities, w^hich had been to 
ni (Inough long kmis i s,oni(t' of pleasuie ind lemuneiation, filched by the slalful and 
no'-tigating s-uigeon Ih ini i uiuiuestionably should be classified as an orthopaedic 

ll)]0(( 

In IMiitmm s piesidcntnl iddiess foi 1806, entitled, "A Definition of the Scope of 
)i thopiedn Siiig('i\ ' In' ^uagested the following definition “Oithopaedicsurgeiyisthat 
Inision of singen whnh tu'its of disabilities ind diseases of the locomotive apparatus 
iiul of the piexention ind (icitment of defoimities of the fiamewmik of the body” Whit- 
mn went on to sp, snrnifn mih “J3iit this Assoei.ition, <is the lepiesentative of modern 
oithopaedii suigei\ , i in be lioiind to no exilusive method oi doctime, foi its object is to 
bung (ogelhei md to i omenti ile indnidiial cfToit in the seaich foi tiuth, w^heiever this 
seaicli ni ij lead ” 

' Siyie, 111 IhO! pointed out (h it “In m inj" pai (s of Eui ope the oithopaedist is syn- 
onymous Mit^idv instiument m ikci, ind has the same lelation to the man whom we in 
this countiv uiulei\,Yjd is m oi (hoiiaedist <is the oculist beais to the ophthalmologist” 
Blackett 111 1605, rfi *'>(1 (h U “One of these dnections of development is paiticularly 
e\adent, and one d i\ of oui piogiam h is been set aside loi the consideration of this branch 
of oithopaedic woik I im lefiumg heic to the application of oithopaedie work to adult 
cases, 01 , as it is hepmiimg to be called, 'Vdult Oi Ihojiaedics ” 

Turning to tip wiitmgs of Sn Bobcit Jones, we find the tollow'ing “Theie was a 
9y*>op idle suigeiy included i compaiatnely small gioup of cases Lateral 
cuivature, flat fcel^, lachitic distoitions, club feet, and a few' othei congenital conditions 
lepiesented the list Apait fiom tenotomies and an occasional osteotomy, no other opera- 
tions weie indicated The use of the knife was almost a lepioach, and only followed a 
failuie III mechanical efToit How difTeient it is to-dajq w’hen some of the most difficult 
operations m the domain of suigei}'^ aie included undei the definition ‘orthopaedic’’ 
Duimg the gieat wai I had to diiect — on behalf of the Biitish Government — what was 
known as mihtaij'^ oithop.iedic suigeiy, and this involved a statement of what groups of 
cases ought lo be included undei the teim 
“This definition developed into 

1 Fiactuies — lecent, malunited, and ununited 

2 Defoimities of the extiemities and spine 

3 Diseases, derangements, and disabilities of the joints, including the spine 

4 Injuries of peiipheral neives ” 

It IS my feeling, and I think the feeling of most of you, that Sii Robert’s skill m 
organizing the woik of orthopaedic surgeons in Woild War I and latei m England has 
done more than any one thing to bung orthopaedic suigery to its modern status in the 
English-speaking wmrld 

Platt later attributed to Sii Robeit Jones the followang definition of oithopaedic 
suigery “The treatment by mampulation, opeiation, le-education, and rehabilitation, 
of the injuries and diseases of the locomotor system” Platt went on to point out that “a 
field so defined is not m the strict sense an anatomical or regional specialt}^ The definition 
hints at an intimate concern wath function It pioclaims that w^e embiace a wade range of 
theiapeutic techniques ” 

Othei definitions of the scope of oithopaedic suigeiy have been foimulated fiom time^ 
to time, such as that in Ai tide I of the By-law s of The American Oi thopaedic Associatic 
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specialized individual facing some pioblem entiielv outside the limits of Ins 'i.m 
without the aid of someone \eised in the (aie of that parfieiilai condition 

In tiacing the development of the limits of oiii specialt's of oithopaedu smgfr; 
must of couise stait with the Oilhopardw, a hook untten in 1741 In Andi}^, a Pro- 
of Medicine in the Royal College ind senioi dean of the Fa(ult^ of Pin sick at! 
Andi}'^ coined the teim “Oi thopaedia ” and, despite mam elToits to lane tliati 
changed, it has lemained 

The title page of the Pmglish tianslation of \.ridi\ 's OrllinjxKdta ie\cals thefollov 

“Oi thop ledia 
t)i , the \i t of 
Coi lec ting and Pie\ eiiting 
Defoi unties 


C'hildieii 

By such Means as ma\ ea'-ih he pul in Pi.utKc In P iient"- themseh 
and all sur h .is 'ik* emploxcd in IMiu iliiig Cluldren 
'1 o wliK h i'- idded 
i Dc'fciiM of the ( )i 1 hop ledi 1 
In wi\ of Supple UK lit h\ the Vulhoi 

rile scope of this tieiti^e* i'- luoid ((neiing imt onh the ineiention and coirecti , 
of defoimities h\ sue h me in*' is s(>{ imsl to the uillioi to he i\ ill ihlc it that time, 1) 
also m inv ph.ises of whit would now Ik Hgudial i^. the* work of deim itologist^; bem 
specialists ind t(' K hei s of spcec li ( oi ic ( tion \\ hitm in dc'i riiicd Vndn bwoikas“int 
sense i scientifu woik, e\en fiom the"! indpoint of th it time If w i^ what might becallc 
a niuseM guide, in it weie coiisideicd not onh the c oinmoii po^tiual deformities, but t 
much gieitc I length extei n il delec I*, ind hhmn-hc" nofthehui incl skin which coiil 
not he c one e.iled ’ 

Ml leading of Oi iJiopai dm le uh inc' to he* in igrt I'lneiit with hitin in tint its scicn 
tihc 1 due is cloulittul puliculiih in the light ol pii^eiit knowledge 

Vt 1 latei date Bigelow , ifteiw iid Piofcvvoi ofSiiigeii it Hiii iicl in a (hs^eitatior 
foi the Boilston Pii/e foi ISIl wiotc on the ciuestion “In "hat cases and to what 
extent is the di\ isioii of muse les tendom oi olhca puts piopei foi the lelief of clefoimit} 
01 lameness^ ’ Bigelow st ued “ It is Induned ih it the genei d intention of the Commi ee 
will he fulhlled In m ittempt toccnei thegioundnow oc i iipied hv ()i thopeclic Siirgen . 

In the papei Bigelow coi eical the lollowing suhjei t^ sti ihisinu'', st immeiing tenotomn 
cluh-foot, toituolhs, false “ iid\\lo''is” of the knee joint, iicket'' peimaneiit flexiono^ 
hip joint, ankvlosis hleial cun ituie of the spine coiiti ution of the hand and hngen-, 
congenital chsloi it ions, uid suhi ut.ineous section of the aitiiulii muscles 

In a piefice to the aho\ c'-mcntionc'd papei, Bigelow btated that he had 
the wiitmgs of Cucim incl otheis “especialh the h/er/cioc s ol M Giieim 
foi some time the leading Fiench oi thoiieclist It is possihlc that M ^ 

availed himself of the suggestions ol ineMoiis wiiteis, that, m common with othei 
ists, he has ovciestimafed the impoitance and the o^rlcac^ of his ait, that he las 
indiscieet m its application, and that ‘the dnision ol foitx-two tendons, g 

upon the same suhjec t ’ w as an .uid.ic ions undei taking lathei than ‘a lemaika e | 

ment’ But it should not he foigotten that the bcientihc acquiiemeiits md piac ic - ^ 

of this oithopedist aie undisputed ” 

With the estahhshment of oui Association in 1SS7, the specialtv became 
hettei defined In oidei to glean some facts as to the iccogmzed scope of oi j 

suigeiy thioiighout the yeais of existence of The Ameiican Oithopacdic i 
h.cve leviewed the piesidential addi esses of most of the past Picsidents of the of 

In 1804, Phelps stated “Then woik [oithopacdic] was confined to the app la 
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Mdvfuton nnniu'i Sonu' I'li im>s oi om sjx ( i iKy nuy luivc leachcd a point of stabiliza- 
tion iml iHlizition wliuli would pomnt dcfimtioii, but many paits of the specialty 

110 oh nifunK fiom doondo to doi -ido ind fiom Aoai to yeai, so that we may have difficulty 
m locofzmzinp: llip woiK of i few mmis Iixp.j-d, I Hunk (hat much of the interest in 
the '.pomlt^ would bo lost, woio it to bot omo st ilnlucd and standaidized Certainly the 
icisonfoi oui \‘-‘' 0 ( 1 itioii s oNistoiK (’ is to ho II Jiom oioh othei about methods to impiove 
the diipnosis and (loitinont of oilhopiodn (onditions, and if a day of such standaidiza- 
tion is loiohod tli it tlio sp(>(Ialt^ h is nothing now to olTei m methods oi ideas, then oui 
\oi\ OMstoiKo MS in issociition will bo 111 (1 iiigoi of dotciioiation and decay 

In ill OUI pi ms foi (ho fiitiiio of tlu' spoil dtv, (he position of The American Oitho- 
piedu Vssnii ition should bo ono of loidoiship, aitnc, aleit, and decisive Such leadeiship 
lan bo inaiiit iinod onh In in onoigotii gioii]) of active mcmbeis, all willing to go out of 
tlioii w i\ to soo (ho spec I ilt\ dinolo]) to its gioatost possibilities Some maj'^ e\eit then 
influoiuo tliiough to 11 lung, otliiis lliioiigh wiituig, and othei s thiough oiganizational 
iioik Out ii tn o nionihoi‘'hif) li is torn lUK’d .i/iout the same foi almost twenty yeais, and 
it IS tiino wo g no thought to its onlaigonii nt, in oidci to take into oui lanks moie of the 
hcttei \ oung OI (hop lodn stugootis, ot whom (lieie aie many 

The lettoi of (ho lito Vitliiii (! Dims as ohaiiman oi the Membeislup Committee 
should lino leminded ill mcmbeis ol thou losponsibility in seeing that names of likely 
ciuulul itcs foi membcislui) no piopoih pioposod and sponsoied 

It IS m\ feoling (h it main of oiii mombois do not take the woik of the Association in 
a seiious \ein e need the ac (no iiid thoughtful paiticipation of e\eiyone in all phases 
of the Association’s woik, in oidoi to mimtain the leadeiship wdneh should be ouis This 
‘Association is not i club of lionoian attainment, meant foi basking m the glories of one’s 
past, but a medium foi aitno paiticipation and planning by evei3one now d membei, 
and for the futuie ictn i(\ of a numbei of j^oung men whose ability is lecognized and wffio 
should be taking an actne pait in the woik 

Thus, with an cnlaigcd and utive gioup of men capable of leadeiship, we can point 
the way tow aid the development of newei ideas in oithopaedic siiigeiy and can stave to 
impioce it in eveij wav, siuh as in piactice, leseaich, and teaching 
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CONTROL OF BONE GROWTH BY EPIPHYSEAL STAPLING 

A PrllimiiN vR-i Rni’ORr^ 

A\ ALTER P BLOLM, M D , \ND GI ORGl R CLARKE, M D , AIILWAUKEE, 'ttlSCONSIA 
r rovi the Mtluditl (c Children’ << llnipilal 

YHien Phemi'^tei icpoitecl (lio opei.Une aiiest oi longitudinal giowth of bone in 
1932, a new piinciple wa^ intiodiu od in (he collection of ovccssne length and angular 
detoimit}’^ ot e\(iemities PieMoiis to this tune, hono-shoi toning opeiations'® had been 
used to a limited extent to ec]uali7e limb length I'liese piocediiics wcie only slightly less 
extensne than those foi hone lengthening ' - " <ind like them, weie it tended b} the risk 
of gia\e complications Giowth was an iincontiolled foice which had to be considered 

Phemistci utili7ecl this giowth factor in an 
opei ition of much less magnitude 

Vnothei .ich am e was made in 1945, iihen 
ILias pioposed the letaidation of bone growth 
b\ iwiieloop He tiled this fust in laborator\ 
animals and l.itei in ehildien, and pioiedtliat 
longitudinal giowth at an epiplnsis could be 
hc'lcl b.ick mechanicall\ with a wire loop E\en 
moieimpoitant, hcpio\ ed that giowthwas re- 
sumed when the wiie bioke oi was remo^ed 
The implitatioii'' woie tiemendoiis Instead of 
attempting to compute the proha ble future 
giowth of both ext i emit les and to arrest 
giowth it the piojiei time Haas suggested 
eailiei tempoian aiiest Ho pioposed lemoi- 
ing the letentne wiie when the defoimit^ or 
lnecluaht^ of Icmgth had been coriected 
suflic lenth 

Stimulated In this woik of Haas, in 19^'^ 
we bc'gaii to emplo^ iigid staples of the type 
populaii/ed In R E Bums The method of 
epiplnscal stapling was icpoited b'v one of us 
(Y P B ) at a meeting of the Chicago Oitho- 
pacdic Society on Decembei 14, 1945, and was 
published b^ Ilodgen and Fiantz Haas con 
tinued his expeiimental woik on dogs, using staples lathei than wiic loops ® 

Staples w'eie used in Ameiican bone suigeiv in 190b and Ycnable and Stuck lepor 
that thej" had been employed in Euiope long befoie that time Notching oi 
them to pieyent extiusion has had many laniihcations When they me to be use ^ 
giowdh contiol, it is impoitant that they may be lemoyed without tiaumatizing gioinUo 
bone Simple, smooth wiie staples haye been used to date Yaiioiis sizes and 
w'lie haye been tiied The authois aie now using thiee thiity-second-inch lods ^ ^ 
stainless steel wuth a Rockw'ell haidness between 33 and 35 C Staples aie 
the outei sides and foimed cold with dies undei hydiaulic piessuie Two sizes aie 
equate foi use in the femui and tibia The legs should bo thieo-quaiteis of an inci e 

*llcad at the Annual Meeting of The Ainciican Academj of Oithopacdie Surgeons, Chicago, 

.huumr} 26, 1949 

4gi the journal of done and joint bo 





Fir 1 

Staples of thiee thiitc-M lond-inc h 617 M 
stainless steel 1 he Ic gs aie tliu i-quai ti is of m 
inch long, the eioss meinheis uu fn c -eighths and 
seven-eighths of an iiieli Modified plieis and M*t 
help place the staples close togelhci lhec\- 
tiactoi IS necessaiy foi leinoving the staples 
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Fig 2 Fig 3 

Fig 2 Oblique incisions arc most satisfactory, they afford adequate exposure and cause less scan mg 
Fig 3 The cpiplwseal plates undulate, as Seen in both projections (See Figs 8-D and 10-B for lateral 
views ) For the legs of the staples to be equidistant from the femoral epiphj'seal plate, it is necessary 
that AE be considerablj less than EB Then A'E' wall appioximately equal E'B' At the proximal end of 
the tibia, it is nccessarj to include more of the epiphysis, wluch is cancellous bone CE should be greater 
than ED 


the cross member five-eighths oi seven-eighths of an inch (Fig 1) The smallei staple is used 
in the proximal end of the tibia, the laigei one in the distal end of the femui If the giowth 
of the fibula oi other smallei bone is to be similaily conti oiled, a smallei staple mil be 
desirable 

Fuithei experimentation may suggest a moie efficient mechamcal design which will 
still be compatible with quantity pioduction A physicist, a mechamcal engineei, and then 
co-woikeis have been inteiested in the pioblem Many helpful suggestions have been 
made b}’’ oithopaedic surgeons who have tried out the method, further comments mil 
be most welcome The use of a single heavy staple has been pioposed frequently This 
would displace moie bone and would requiie gi eater accuiacj" of placement The method 
would be less adaptable, and insertion of the staple in the proximal end of the tibia might 
be difficult 

Excessive bending and extrusion aie mechanical problems ivhich are easilj'^ solved 
by the use of an adequate number of staples To date, no serious complication has occui i ed 
from a staple pulling out It is a simple mattei to lemove, leinseit, add, oi move staples 
Patients must be followed closeljq so that any mishap ma}'^ be detected and lemedied 
It IS wise to do the stapling while theie is still sufficient growth potential to peimit coi- 
rection of any inadvertent angular deformity 

If one staple is inserted on each side of the end of a long bone so as to bridge the 
epiphysis medially and lateralljq the staples wall bend and break (Fig 4-B) If tw o staples 
are used, they wall bend (Fig 6-D) and occasionallj'^ break In this mannei the gi ow th is 
only temporarily oi inadequately retarded If thiee staples aie inserted on each side of an 
epiphysis, giow4h mil be stopped immediately and almost completely The staples wall 
usually bend slightly There is some drifting oi slipping, like ware cutting through a piece 
of ice, but this is negligible in relation to the shortemng to be obtained It maj'- even be 
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Fic 4-C Fig 4-D 

Fig 4-C Maj 6, 1946 Foui months lalti, niul tluce months afk: inseition of new stapFs 

Fig 4-D Maj’’ 24, 1948 Twentj' months aftci iemo\nl of the last staples, and tw entj -seven 
after inseilion of the second gioup of staples Theic had been 1 1 centimeteis of giowth since I'lg 
was taken 0 3 centimetei occiiiied duiing tlic tunc the staples were in plate (slippage and j 
0 5 centimetei in the fiist three months aftei lemoval, and onlj' 0 3 centimetei in {ht 

months In the next ten months theic was no giowth, although this loentgenogiam shows i 
epiphyseal plate is just closing 

nil jouuxAi or noM ami JGivr seal 
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Fig 5 

DiaRrammatic representation of the contiol of linear giowth Thice staples are a unit 
A iotal involvement Femur and tibia aie both too long 
B Femoral involvement Onlj’ femur is too long 

desiiable to allow some slipping, so as to maintain the viability of the epiphyseal plate 
Complete aiiest might cause prematuie epiphj’’seal closiiie More efficient staples wall 
be tiled out e\pei imentallj’' 

The aiithois’ loutine is to use tliiee staples as a unit unless there isa leason foi anothei 
combination Intel esting giowth changes can be obtained In a long low'ei extremity wath 
knock-knee, one may put thiee oi foui staples on the medial side and one or twm on the 
lateial aspect The diift on the lateial aspect wall equalize the knock-knee at about the 
time the inequality of length is ovei come 

OPERATIVE TECHNIQUE 

The e\ti emity is shaved and w'ashed from ankle to gi om on the day preceding opera- 
tion A touimquet is applied at the mid-thigh, the knee is piepaied surgically, and the foot 
is waapped in a small sheet The knee is suppoited on a block in flexion of 30 to 70 degrees 
Medial and lateial incisions, 5 to 8 centimeteis long (depending upon the amount of 
subcutaneous fat) aie made obliquelj'^ through the skin and subcutaneous fat centering 
over the epiphj^sis to be stapled Above the knee, the incisions should slant from anterior- 
proximal to postei 101 -distal, below^ the knee, fiom posteiior-proximal to anterior-distal 
(Fig 2) The seal ling is less if twm incisions aie used instead of a single long one, for expos- 
ing simultaneously the femoial and tibial epiphyses The deep fascial layers are split in the 
direction of their fibeis and the peiiosteum is exposed Mobile soft parts must not be im- 
paled 

Staples may be inserted “blind” wathout actually cutting through the cartilage cap 
and exposing the epiphyseal plate Roentgenogiams m two piojections are imperative 
Aftei the position has been veiified, it is often a good plan to cut the periosteum and 
cartilage along the cioss membeis of the staples and to sink the staples flush Some sui- 
geons wall piefei to incise the peiiosteum and oveil 5 ang caitilage and raise twm flaps, so 
as to expose the epiphyseal plate In childien undei ten, thick flaps aie necessary It is 
not desirable to buiy the staples deepty, if thej'^ aie to be removed 

The easiest appioach is at the medial aspect of the distal femoial epiphysis With 
the knee flexed, the vastus medialis need not be split It is displaced anteiioily, wffiile the 
hamstiing tendons fall postei loily The movable fascial layeis aie split in the direction of 
their fibeis By shaiply flexing the knee, the postei loi aspect of the femoral condyle ma}’’ 
be reached without difficulty By stiaightemng the knee and stionglj^ letracting the 
vastus, staples may be placed anteiiorlj'^ 

Exposuie of the lateral aspect of the distal femoial epiphysis is only slightly more 
difficult It IS a mistake to incise the fascia lata with the knee extended With the knee 
flexed, the thin dorsal expansion of this fascial layei ma}'^ be split longitudinallj'-, just 
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doisal to the iliotibial tiact, which is then leti acted posteiioily The vastus lateralis is 
displaced anteiioily without division of any of its fibeis The mobile soft paits may be 
retracted easily to expose the condyle, eithei anteiioil}'’ oi posteiioil}" 

Below the knee, it is necessai}’’ to cut moie of the soft tissues On the lateial aspect of 
the tibia, the deep fascia is split longitudinally, just anteiioi to the head of the fibula 
The incision is developed bj"- elevating the hbeis of the extcnsoi digitoium longus from 
the fibula and the tibiofibulai ligament TJiiough this incision, slaplc-j mdy be inserted on 
the lateial and posteiioi aspects of the tibia Posteiioi staples must be tilted anteiioilj^, to 
keep the distal leg of the staple fiom missing the bone and pi ot Hiding into the popliteal 
space If the staples must be placed anteiioily, they arc best insei led “blind ”, just poster- 
ior to the tonguehke pi ejection of the cpiphj'sis 'I’lio thick ligamentous tissue can then be 
split along the cioss membei , and the staple tan be bin icd It icquiics some caie to keep the 
staples fiom piotiuding into the knee joint 

It should be noted in the locntgenogiams that the opiplnsoal plate-? undulate To 
obtain maximum efficiency, the staples aic placed ^hghth f.iilhei distalh on the femur 
than Mould appear neccssaiy fiom the peiiphei.il le\ei of the i iitilage it the pio\imal 
end of the tibia, the centei of the staple must be shghth pioximal (Fig 3 ) At the distal 
end of the femiii, antciioi oi posteiioi st iples imi'-t be iii'.eited ‘-omeuh.il pioximal to 
the middle ones (Fig 5 ) 

While the loentgenogi.im^; .iie being developed the pioxim.il fibtil.ii epipln sis is ex- 
posed b}'' elexating the peiiosteum on the .inleiioi •I'-iiet I The jmioneal neixc is guarded 
by bone-elevating ietiacloi‘' Oiie-h.ilf oi moio of the epipln-.eil iilate is cuietted au.aA 
A fexv bone ehips fiom the melapln M', 111 IX beinseilcil into the defei t It isceitainh un- 
desiiable to let the fibula giou too long, but theie is no pai tn ul ii di'-adiantage in hanng 
it shghtlj’' shoit Simple cuictting has pioxed so sat i^-f.u loi \ tint the untcis haxenot 
used staples at this epiphvsis, although tliex would be piefeiable in a xoiing child Staples 
of the standaid -^mes .no too huge foi this purpose 

On the medial aspect of the libi.i an obli(|ue iiuision splits the anteiioi fibers of the 
pes anseiinus The tendinous oxp.nision of the sutoiiiis ,ind gi Kills max be rctiacted 
posteiioil}'^ foi anteiioi oi medi'il inseilion but i iiinot well b” mobilized foi posterior 
placement 



Fig G-A 


II the suigeon wishes, ind paiticiihih if 
the staples iie to lemain in peini inentlx, the 
einphxseal plate mix be expo^ed V one-inch 



Fifr G-A II II , nKOit mni Apul 3, 
ha*! shoil loft tihia following ’..on of 

lulhiodosis of lift foot lias boon clone ^ 

OIK and one -half inelies fads to level the pc 

1 White 

bic G-B Apiil3, 104G Bocntgi-nogiam, m 
technique, eleinonstiates total shoifcning, P 
nncl functional tiiivc 


nOM AND JOINT 


Tin JOUHN \l OI 


Fig 6-E 


Fig 6-F 
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Fig 7 

Diagram of staples placed to coiicct knock-knee Femoral and tibial cpipluses could both be stapled 
in an extreme case 


longitudinal incision is made thioiigh the peiiosteum and the caitilage cap Shoit ciosscuts 
aie made at both ends of this incision With a thin osteotome, bIiicIi is curved on the flat, 
two flaps aie laised, exposing the epiphyseal caitilage It is impoitant to centei the staples 
accuiateW in the anteioposteiioi diiection Displacement foiw aid (Fig 10-C) mil result in 
back-knee, vhile a backward location will pioducc the opposite deformity Thiee staples 
are diiven so as to budge the epiphyseal line Special instiuments are not necessary An 
inserter or specially piepaied pliers and a set (Fig 1) vill facilitate the operation and per- 
mit the insertion of staples close together thioiigh a small incision 

A-ftei all of the staples are in place, loentgenogiams are taken in both the antero- 
posterior and lateial projections A true lateial vieu is necessaij’’ to prove that both legs 
of a posterior staple aie actually in the cortex of the fcmui or tibia If any staple is placed 
iiicoiiectly, it may easily be withdrawn Foi this purpose, a special u edge-shaped, ciirved- 
on-the-flat extiactoi is desirable The extractor should be driven under the staple, so as 
to avoid damage to the epiplij'^seal plate The staple is then reinserted mth the other 
staples as guides Roentgenogiams in two projections are taken again 

After the exact location of the staples has been verified, the wounds are closed m 
layers As is customary followung epipliyseodesis, a cylindei cast was applied foi thiee 
wrecks m oui earlier cases When short oblique incisions aie used, this is not necessary 
By experience, the authors have learned 

1 To use staples of appiopiiate size, 

2 To use three staples as a basic unit, 

3 To study carefully the undulations oi the epiph’s seal plate in the pieoperative 
icentgencgiams (Fig 3), 

4 To obtain accurate loenlgenogiams in both aiiteioposteiioi and lateial pio 
jections in the opeiahnq loom 


RLMOVVL OF THE STXPLLS 


The old inubion is opened oi the scai is excised If the staples have been dincn 
through the periosteum, it is an easy mattei to locate and remove them If the 
have been buried and considerable bone has giowui ovei them, removal is more 
than insertion The periosteum is elevated and chips of bone are removed tangen 
with a chisel Probing wuth a stiaight needle is sometimes helpful If the staples aie 
discovered immediately, they should be located hy roentgenograms Markers are 
and roentgenograms taken in the anteioposteiioi and lateral projections More bone 
then be removed, but mutilation of the epiphysis is not necessai 3 '' No giowdh aires 
been encountered, even if considerable bone has been removed Care has been a 
to replace bone, wdiich wmiild produce a grafting effect across the epiphysis 

1 Hr JOimNAi or bontf axh join r 
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Vflci (he Cl OSS membei of a staple has been uncoveied, it is an easy mattei to drive 
the wedge-shaped extiactoi iindei it and to "bieak out” the staple E\ti action with a 
pel lost cum eleiatoi oi any oidinaiy instiument is difficult 

COMPLIC VTIONS 

Befoie the necessilj’^ of bipline loentgenogiams in the opeiating loom w^as appie- 
Liated aioidable eiiois in technique weie made One staple was left piotiudmg into the 
knee loint It was lemoved and leinseited without subsequent ill effect On seveial occa- 
sions, the posleiior staple at the pioximal end of the tibia oi the distal end of the femur 
was wrongly placed One leg of the staple failed to engage the sloping coitex of the bone 
■Viming the staple tow aid the centei of the bone wall avoid this mistake, and will also 
pi event the points of the staples fiom piotiudmg into the popliteal space Any such erioi 
in technique should be discoveied in the opeiating loom, it is easilj’’ lemedied by lemseit- 
ing the staple If latei loentgenogiams show that one of a gioup of staples does not change 
while the adjacent staples stait to spiead, theie is pi oof of impiopei insertion of the staple 
with paiallel legs 

Angulai defoimity and oiei collection have occuiied when the patients have failed 
to lepoit legulailv foi obseivation The seiious defoimities lepoited bj'^ Stiaub, Thomp- 
son, and Wilson, Regan and Chattel ton, and otheis have not been obseived Defoimities 
which aie pioduced by mistakes of piediction oi of technique may be collected without 
osteotomy bv reaiianging the staples, if the child continues to glow 

DISCUSSION 

In 1862, Hueter noted the lelatively gieatei gioivth of bone stiuctuies which aie undei 
diminished compiession Seven j’^eais latei, Volkmann laid the foundation foi epiphj’-seal 
stapling when he lefeiied to the obseivation of Huetei and added that abnoimal dif- 
feiences of compression cause unequa', as 3 "mmeti ical giowth of a joint On the side ivheie 
piessuie IS abnoimallj'- inci eased, giowth is letaided 

Theie is no doubt that giowth maj"^ be aiiested b}'^ epiphj^seal stapling (Figs 6-A 
to b-F, 8-A to 8-D, 9-A to 9-E, and 10-A to 10-D), and that giow'th is lesumed when the 
staples have been lemoved (Figs 4-A to 4-D) Two questions weie laised by Haas® with 
legaid to the progiess aftei le- 
moval of the staples (1) Is giowTh 
less 1 apid than w ould oi dinai ily be 
expected*^ (2) Is giowth teimi- 
nated eaihei*^ We can answei 
tl ese questions in pait 

In most childien piolonged 
obseivation aftei lemoval of the 
stap'es will be futile, as giowth 
will stop within a jmai oi twm In 
thiiteen cases the staples have 
been lemoved foi six months oi 
longei It might seem expedient 
to chait the subsequent epiphj'^s- 
eal gi ow th as compai ed w ith that 
on the “noimal” side Of the 
thii teen cases, how evei , onlj’- seven 
operations weie peifoimed pii- Fig 8-A Fig 8-B 

manly foi Iineai defoimity and Fig 8-A G O aged nine October 11, 1948 Photograph of 
,, 1 j r , T patient inth hereditary knock-knee, before stapling 

Six foi angulai defoimitj'^ In sev- February 7, 1949 Three months after stapling 

eial cases, both defoimities weie theie was complete correction of knock-knee 



\ OI II \ NO 1 jni 1 I'm 



February 7, 1949 V ilgus had been toriccted Staples were icady foi removal 
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picsonl and wcie couccled siniultaneousb^ Even if we considei only the Imeaz cases, the 
liguies become meaningless Eithei the stapled side is abnoimal (osteomyelitis, Figs 9-A 
lo 9-E), 01 the opposite side is ati opine (poliomyelitis, Figs 6-A to 6-F), has a mechanical 
del ingcment of the cpiphj^sis (tiaiima), oi in some othei way is vitiated as a contiol 

Moic significant is the obseivation of the si\ cases of angulai defoimity m which 
stapling was done on one side onlj'^ All of the extiemities weie symmetrically aligned 
with the opposite side at the time the staples weie lemoved (Figs 8-A to 8-D and 10-A 
to 10-D) Thcie has been no change of alignment since 

In two cases, maikcis weie left in situ aftei lemoval of the staples In one giil, aged 
foil! teen, the distal femoial epiphysis giew 5 milhmeteis in the fiist thiee months In the 
following thiiteen months it elongated only 3 milhmeteis In the next ten months theie 
was no giowth on eithei side, although the epiplij-^ses lemained open until the teimmation 
of this peiiod A second giil, aged seven, giew 2 3 centimeteis at the distal femoial epi- 
physis in the hist ten months aftei lemoA'^al of the staples Such vaiiations aie probably 
due to tempoiaiy giowth spuits and not to the pievious stapling 

It IS difficult to confiim chnicalb’^ the excellent expeii- 
mental woik of Haas' We agi ee w hen he says “It is difficult 
to deteimine definitely whethei oi not giowth is as active 
aftei tempoiaij'^ letaidation by a wiie oi staples It w'as not so 
active as on the noimal side, but it is possible that injuiy to 
the cii dilation and tiauma to the plate distuibed the giowth 
There was e-\ndence of piematuie closure of the plate in some 
of the expel iments ” 

Growth is “not so active as on the noimal side" m his 
dogs, but in children it is not mfiequently moie active An 
epiphj'seal plate w Inch has become thin as a i esult of stapling 
lapidly regains its foimei thickness aftei lemoval of the sta- 
ples Giowth IS tempoiarily accelerated, piobably due to the 
stimulus of the opeiation for lemoval of the staples Theie 
should be nothing in this opei ation to retai d grow th Signifi- 
cant epiphj^seal injuiy has not been obseived Haas’s staples 
weie very large foi the size of the bones The tiauma to the 
epiph 3 '^sis wEich he mentions need not occui m childien His 
observations on unilateial stapling in puppies, wnth laige 
staples, are not applicable wEen thiee-quaitei-inch staples 
are used in children Climcally, the effect on longitudinal 
giow'th IS less and the correction of angulai deformity is more 
than Haas observed wEen his unilateial staples extended clear 
across the bone 

In our earlj'^ personal communications, no untowaid 
epiphyseal closuies w^eie repoited We have had none yet 
Whether staples aie removed or left in situ, epiphyses wEich 
have been operated upon usuallj'^ fuse fiom two to six months 

early This acceleration of a developmental process is probably due to the stimulus of the 
operation and not specifically to the stapling It comes at a time wEen growth on the 
other side is minimal oi absent, and is not veiy significant 

Those wEo want tables and giaphs to prove the late of giowth after removal of 
staples should consider the followung example A ten-j'^ear-old child breaks one femur m 
the middle thud Healing occurs wuth bayonet apposition and one centimeter of shorten- 
ing One of three things may happen 

1 The bone wall piobabb'^ oveigiow, due to the stimulus of the fiactuie Accuiate 
measurement at the end of six months will show that the femora are about equal m length 



Fig 9-A 

D G , aged seven Novem- 
ber 7, 1946 Chronic osteo- 
myelitis of light tibia with 
overgrow th, valgus knee, and 
valgus foot 
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2 Theie may be no oveigiowtli oi bone, but peisistcnt shoitenmg of about one 
conliraetci 


3 Theie may be exeessn e o\ eigiow th of bone, so that the mjuied femm is as much 
-IS one inch too long When tlie lesults of a simple fiactuie in a noimal bone vaiy so much, 
we cm attach little value to statistical studies of giowth inoiement in abnoimal bones 
The best waj”- to lest giowth aftei the lemoval of staples is to watch a case of idio- 
pathic knock-knee in a boy of ten to twelve 3'^eais In a bo}'^ of this age theie is little tend- 
enev to fuithei change in angulation If lliiee staples aie mseited on the medial aspect 
of eich distal femoial epiph^’^sis, the defoimily wall be completel}^ collected in fiom thiee 
to eight months (Figs S-A to S-D) The exact time depends upon the extent of the de- 
foiniit} and the late of giowth duiing the contiol peiiod If the staples aie then lemoved 
and photogiaphs and loentgenogiams aie taken, a lecoid of the stiaightness of the low^ei 
extiemilies is established If the existing state is maintained, then w^e have clinical pi oof 
that essentiallv noimal giowth of the epiphj^sis has been lesumed The untouched lateial 
aspect of each epiphysis acts as a contiol Two such cases have been obseived foi ten 
months oi longei without change in alignment If seveial such cases aie obseived until 
giowth has ceased, we shall have valuable pi oof to lepoit in a futuie papei 

"Moie difficult than the actual technical pioceduie is the decision as to wdien the 
opeiation should be peifoimed and which epiph3'ses should be fused ” This w^as the de- 
cision of Wilson and Thompson, aftei desciibmg an elaboiation of Phemistei’s technique 
wnth the lemoval of laige giafts, cuietting, and cauteiization of much of the epiph3'-seal 
plate Stapling simplifies the opeiation, and it also answeis then questions 

The opeiation should be peifoimed seveial 3’^eais eailiei than appeals necessai3’' from 
the actuaiial chaits It should be peifoimed at a time that is convenient to the patient, 
the exact date makes little difference When the defoimity has been collected, the staples 



Fig 9-E 

December 18, 
1948 Nine months 
later, additional 
correction of 0 3 
centimeter had 
been obtained (to- 
tal correction of the 
tibiae of 0 6 centi- 
meter) 


are lemoved 

The decision as to w Inch epiphysis to staple is no longei a serious 


mattei Both the proximal 
tibial and the distal femoral 
epiph3''ses should be stapled 
^ATien the individual bone is of 
the piopei length, the staples 
are lemoved 

Sixteen 3'^eais aftei the 
publication of Phemistei’s ai- 
ticle, there is still no unanim- 
ity as to a method of estimat- 
ing giowth White’s simple 
annual increment the per- 
centage factoi of Wilson, 
Thompson, and Stiaub'^*®, 
and the vaiious tables and 
giaphs of giowdh expectanc3'' 
of Gieen and Anderson and 
otheis are all inadequate in 
the face of individual vaiia- 
tions We have not discaided 



these appioximations, the3" 
fuinish valuable help in plan- 
ning stapling operations 
When the staples aie in, 
how’^evei, fuithei decisions aie 


Fig 10-A 

C P , aged nine Februao 4, 1948 Tln^. 
child had had monarticular atrophic arthri- 
tis of the left knee at the age of tw o j ears 
Ihe active process subsided, lea\ang flexion 
deformity of 25 degrees of the left knee and 
overgrov-th of the left femur 
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Fig 10-li 


Fig 10-B June 11, 194S Foui months iftti stajiling 
to correct both lineni nnd inguhi deformities 
Fig 10-C Diagiam of stiplcs placed to eoiiect o\cr- 
giowth and flexion deformitj smiult uieoush 
Fig 10-D January 5, 1949 Staples \seic left in place 
ten months Photogiaphs, taken one month after k- 
moval, shoA\ that Ic ft knee is sti aight and peh is is lea ( 1 



based upon clinical obsei A’'ation and not upon 
calculation Actuallj'^, onl}’’ t\Ao ]necautions aie 



Fig 10-D 


necessai}'' to ensuie successful timing (1) The 

staples must be inseited eailj'^ enough (but not usuallj'^ befoie eight yeais) to assuiecor 
lection befoie gioAAdh is completed (2) The patient must be obsei A'^ed fiequentl}'’, so t a 
the staples may be lemoA'^ed at just the light time , 

The indication foi lemoA^al of staples is not detei mined b}'^ measui ement, but ) 
AA'^atching the patient AAalk This is paiticulail}'^ tiue AA^hen an unstable hip stiff 
di op-foot, 01 othei abnoimahty influences the decision It is helpful to liaA’^e the 
lemoA’^e the shoe on the side of the longei extiemitj'’, so that the effect of fuithei sior 
mg maj'^ be obsei A^ed In the piesence of multiple defoimities, the lemoA^al of stap es 
comes the “micio-adjustment” of disability collection With inci eased expeiience, 
fiequently opeiate foi disci epancies of length that aie less than the aA^eiage eiioi m p 
diction by the actuaiial method 
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Wo do iioL know liow long one ma 3 ’- safelj'’ leave staples ^n situ with the assnianco 
ol giowth aflei lemo^ il In 1945, Idiemislei*® suggested that the mteival be limited lo 
two ^eais In adheiing to this lule, we have encounteied no untow^aid epiphyseal closuies 
It IS piobable that a longei inteival is safe in most cases Fnithei studies ivill be made wnth 
icfeience to this impoitant point 


CONCLUSIONS 

1 Efficient stapling of the distal femoial and pio\imal tibial epiphyses stops the 
elongation of bone at these epiplij’^ses immediatel}'^ am;! almost completelj'- 

2 The opeiation is less extensive and the iisk of complication is less than with othei 
opoiatne methods of con ti oiling bone giowth 

3 Angulai defoimity may be collected dining the giowth period Knock-knee, bow- 
leg, back-knee, flexion defoimit}’’, oi combinations of these defoimities are lapidly ovei- 
come 

4 The occasional complicating iiiegularities of giowdh following stapling should be 
detected chmcallj' and collected immediatel}’^ b}'^ leaiiangement of the staples 

5 Aftei lemoa al of the staples, giowth at the epiph 3 '^sis is resumed at about the same 
late as would be expected on the othei side, if both sides w’^eie normal It is sometimes 
fastei and sometimes slowei The vaiiations m late aie usually caused by factois othei 
than staples 

6 The best pi oof of the noimal late of giowth after lemoval of staples is the peisist- 
ence of a stiaight extiemit 3 ’' aftei collection of an idiopathic knock-knee 

7 Seveial impoitant questions are being studied fuithei 

A What IS the ideal size and design of staples'^ 

B Foi w hat length of time and foi wdiat ages is it safe to leave staples in place'^’ 

C What aie the factois influencing epiphyseal closure"? 

D What IS the late of giowdh aftei lemoval of staples w'hich weie inseited foi 

vaiious conditions"? 
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PREDICTION OF UNEQUAL GROWTH OF THE LOWER EXTREMITIES D 

ANTERIOR POLIOMYELITIS 

BY ALLAN J STINCHFIELD, M D , JOHN A REIDY, M D , AND 
JOSEPH S B\RR, M D , BOSTON, MASSACHUSETTS 

From the hifanlile Paralysis Chine, Orthopaedic Service, 

Massachusetts General Hospital, Boston 

One of the moie impoitant defoimities caused by pohom 5 elitis is unequal giowthof 
the lottei extremities Operations such as epiphyseal fusion, limb lengthening, and limb 
shoitemng have been designed foi contiollmg oi collecting this unequal gionth In con- 
junction VTth these opeiations, noimal giowth m the epiphyses has been studied, so that 
epiphyseal giouth can be piedicted uith consideiable accuiacy No methods, honevei, 
have been available foi ascei taming in poliomvehtis the expected amount of inequality of 
giovth In this study, ue have attempted to evolve a method of piedicting the amount of 
inequaht}'^ in the length of the lowei extiemitics that might be expected in a case of polio- 
m 3 ^ehtis The lecoids of 820 cases fiom the Infantile Paialysis Clinic at Massachusetb 
Geneial Hospital have been leview ed An intensn e studj has been made of those patient"! 
in whom the disease dei eloped in childhood and uho haie non leached adult statiiie 
Compaiison vas made between the amount of giowth of the^lowei extremities and 
factors that might affect giowth, such as age at onset, relative muscle powei of the tno 
extremities, operations, deformities, biaces, and skin tempeiatuie It was apparent that 
two major variables were i elated to inequality of giowth The fust of these was the age 
at onset of pohomjmhtis, and the second, the amount of paialysis in the two extremities 
Deformities, biaces, variations m skin tempeiatuie, stabilization opeiations, and ten on 
transplants had no predictable effect on giowth in the extiemities 

No inequaht}^ in length of the extiemities can ensue if poliomyelitis occuis aftei tie 
epiphj^ses have closed The time of epiphj^seal closuie is so inconstant that this study iias 
limited to those patients in whom the onset was before the age of eleven and who hare 
now leached adult statuie . 

To ascertain the effect on giowth of the second major variable, paralj'^sis, 
groups of cases w^eie studied The first group included sixty-foiii adults who ha 
poliomyelitis before the age of eleven, each of wdiom had one noimal low'ei extremity a 
one involved extiemity'^ 

* Read at the Annual Meeting of The American Academj of Oi thopaedic Surgeons, Chicago, I 

January 26, 1949 ^ , t> iiraic; Inc , N®" 

fThis study was aided by a giant fiom The National Foundation for Infantile laraiys , 

York, N Y 
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TABLE I 

(’as) s ^\nii Muscii Seoul undi k FirT^-ciGiiT in Involvfd Extuemiti 


Age at Onset 
0-5 j oai s 6-10 years 


\uinl)Ll of CISLS 

21 

3 

tvi'l igi iiuislIc SCOIt 

37 

19 

VvLi igi. percentage of giowth 

93 1 

92 4 


TABLE II 

CAsrs \\iTii Muscle Score between 58 and 115 in In\olvld Extremity 


4ge at Onset 
0-5 years 6-10 yeais 


Nunibei of cases 

32 

8 

tverage muscle scoie 

85 

97 

Aveiage percent igc of giowth 

97 8 

97 3 


mg them into tno gioups, accoidmg to the muscle scoie m the involved extiemity, each 
of these gioups was subdnuded accoidmg to age at onset In cases w^heie the muscle powei 
was less than 58 (Table I) and the onset undei the age of si\, the aveiage peicentage of 
giowth was 93 1 When the onset was fiom si\ to ten 3 'eais, inclusive, the aveiage pei- 
centage of giowth was 92 4 These gioups lepiesent only tw'enty-one cases and thiee cases, 
1 espectivel}’’, so that the figuies aie not conclusive, but at least foi these tw^enty-foui cases, 
the patients m the gioups WTth onset fiom six to ten 3’’eais, inclusive, had essentially the 
same amount of shoitenmg oi shghtl 3 '’ moie shoitemng than those wuth an earlier onset 
Anothei anal 3 ’-sis (Table II) was made for cases wuth model ate to no w^ealcness, oi a 
muscle scoie between 58 and 115 m the involved extiemity In this gioup, theie was no 
significant diffeience betw'een the peicentage of giow'th in cases wuth eaily or late onset 
Foi the entire gioup of sixt 3 '^-four cases, the average percentage of growth was identical 
m the 3 mungei and the oldei patients (Table III) 

TABLE III 

Cases with Muscle Score between 0 and 115 in Involved Extremity 


Age at Onset 
0-5 3 '^ears 6-10 years 


Number of cases 

53 

11 

Average muscle scoi e 

66 

76 

Average percentage of grow th 

95 9 

95 9 


Aftei stud 3 ang the patients who had one noimal extiemitA'^ and one involved extiem- 
ity, those wath bilateral involvement weie analyzed In oidei to do this, they weie divided 
into gioups as follow^s The data on thii t 3 '^-eight patients haiung a muscle-powder score of 
no to 91 m one extremity and the same oi a lowdei score m the othei weie plotted and a 
tiend line w^as constiucted (Giaph 11,5) This show^s the percentage of giowth attained 
m the w^eakei e\tiemit 3 d wuth imiying muscle-power scoies Similaily, the data for twenty 
patients who had a muscle scoie of 90 to 71 m one extiemit 3 ’' and the same or a lowei score 
m the othei extiemity w'eie plotted (Giaph II C) Similai tiend lines foi the other groups 
weie made, as shown m Giaph II 

To use these data clinically m the piediction of mequaht 3 d of limb length, the pei- 
centage of growdth shown on the chaits must be tiansposed into centimeteis of shortemng 
In the fii st gi oup of cases analyzed, the average length of the normal exti emit 3 d w^as 86 4 
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Gn\Pii I 

This graph presents si\tj-four adults who had acute polionijehtis before the age of eleven and were 
left with one normal extiemity and one involved extrcmitj Each solid dot represents one case and is so 
placed that it lecoids the muscle power and peicentage of growth in tlie weaker e\tremitj The score ol 
the muscle powei in tlie weakci e\trcmitj' is iccoided on the abscissa, the percentage of growth in the 
weaker extremity is recorded on the ordinate (Percentage of grow th in the weaker extremitj was fome 
by dividing the length of the weaker extremity bj the lengtli of the stronger extremitj ) The broken 
Ime with the circles shows the ax'crage iclationsliip between peicentage of growth and muscle power 
Line A is the trend line foi the entire senes of data 


been diatvn The small ciicles connected by the bioken line lepiesent aveiage values 
Beginning at the left and pioceeding to the light, the fiist ciicle lepiesents the average 
peicentage of giojvth of the cases with a muscle-pow ei scoie between 0 and 10, the next 
circle IS the ax^eiage foi cases wnth muscle powei fiom 11 to 30, inclusive, each of the 
successixm ciicles lepiesents the axmiages foi gioups of cases wnth muscle poxtei between 
31 and 50, 51 and 70, 71 and 90, 91 and 110, and 111 and 115 With the aveiage line as 
a guide, a tiend line. A, w^as constuicted 

The age at onset of poliomyelitis in these si\t 3 '--foui cases vaiied fiom tw^o mon 
to ten yeais In sixteen cases (25 pei cent ), the onset of pohomj'-ehtis xvas in the fiist an 
second 5 ’-eais of life, in tw^entj^-foui cases (38 pei cent ), the onset was in the thud an 
fourth yeais, in thiiteen (20 pei cent ), in the fifth and sixth yeais, m seven (11 pm cen h 
in the seventh and eighth yeais, and in foui (6 pei cent ), in the ninth, tenth, and elex'en 
yeais 

The lelationship of the age at onset to inequality of limb length w^as consideiea 
piemise that the eailiei the onset of poliomyelitis, the gieatei xvould be the slior e 
w^as not pioved in tins gioup of cases If the age at onset had affected giowdh, 
an eaily onset xvould have had gieatei than the aveiage amount of shoitening an ' 
have been beloxv the trend line in Giaph I The axmiage age at onset of the cases be ox 
trend line w^as 3 2 yeais, foi those above the trend line, it xvas practically identica , 

3 1 yeais t bvdivid- 

The cases xvere analyzed further, to ascei tain the effect of the age at onse , y 
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TABLE I 

(’as) s ^\nii Muscii Seoul undi k FirTi-EiciiT in Involvfd Extuemiti 


Age at Onset 
0-5 j oai s 6-10 years 


\uinl)Ll of CISLS 

21 

3 

tvi'l Igl buislIc SCOIt 

37 

19 

Vvn Igl. percentage of giowth 

93 1 

92 4 


TABLE II 

CAsrs \\iTii Muscle Score between 58 and 115 in In\olvld Extremity 


4ge at Onset 
0-5 years 6-10 yeare 


Nunibei of cases 

32 

8 

tverage muscle scoie 

85 

97 

Aveiage percent ige of giowth 

97 8 

97 3 


mg them into tno gioups, accoidmg to the muscle scoie m the involved extiemity, each 
of these gi oups w as subdivided accoi ding to age at onset In cases whei e the muscle powei 
was less than 58 (Table I) and the onset undei the age of six, the aveiage peicentage of 
giovth was 93 1 When the onset was fiom six to ten 3 'eais, inclusive, the aveiage pei- 
centage of giowth was 92 4 These gioups lepiesent only tw'enty-one cases and thiee cases, 
1 espectiveb’’, so that the figuies aie not conclusive, but at least foi these twenty-foui cases, 
the patients in the gioups WTth onset fiom six to ten 3’’eais, inclusive, had essentially the 
same amount of shoitenmg oi shghtl 3 '^ moie shoitemng than those wnth an earlier onset 
Anothei anal 3 ’-sis (Table II) was made for cases wuth model ate to no w^ealcness, oi a 
muscle scoie between 58 and 115 m the involved extienuty In this gioup, theie was no 
significant diffeience betw'een the peicentage of giow'th in cases woth eaily or late onset 
Foi the entire gioup of sixt 3 "-four cases, the average percentage of growth was identical 
in the 3 mungei and the oldei patients (Table III) 

TABLE III 

Cases with Muscle Score between 0 and 115 in Involved Extremity 


Age at Onset 
0-5 3 '^ears 6-10 years 


Number of cases 

53 

11 

Average muscle scoi e 

66 

76 

Average percentage of grow th 

95 9 

95 9 


Aftei stud 3 ang the patients who had one noimal extiemit 3 '^ and one involved extiem- 
ity, those wath bilateral involvement weie analyzed In oidei to do this, they weie divided 
into gioups as follow^s The data on thnt 3 r-eight patients having a muscle-powder score of 
no to 91 in one extremity and the same oi a Iowti score m the othei weie plotted and a 
tiend line w^as constiucted (Giaph 11,5) This show^s the percentage of giowth attained 
in the w^eakei extiemit 3 d wath vaiying muscle-power scoies Similaily, the data for twenty 
patients who had a muscle scoie of 90 to 71 in one extiemit 3 ’' and the same or a lowei score 
m the othei extiemity w'eie plotted (Giaph II C) Similai tiend lines foi the other groups 
weie made, as shown m Giaph II 

To use these data clinically in the piediotion of mequaht 3 d of limb length, the pei- 
centage of growdth shown on the chaits must be transposed into centimeteis of shortemng 
In the fii st gi oup of cases analyzed, the average length of the normal exti emit 3 d w^as 86 4 
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This giaph picsiuts 10b idults wlio had i)oliom\eliti‘? IkTou tlu age of tltvcn, thej have varjT'K 
imounts of residual muscle power in the lowci extremities Tiend line 1 is foi natients who had a mus™ 
score in the stiongci oi noimal exticmitj of 115 to 111 uul a score m the other extremitt of 0 to 115 
Tiend line B is for patients who had i muscle powei of 110 to 01 in one e\tremit\ and the same or a 
lower scoie in the othei c\tiemit\ It shows the peicent ige of giowth attained m the weaker ext remit' 
wnth vaiying muscle-powei scoics Patients wlio li id a museli scoie of 00 to 71 m one extremit' and the 
same or a lower scoie in the othci extumite aie lepiesinted be line C Other groups arc shown a' 
indicated 


centimeteib (34 inches) II this aveiage length is multiplied bt the peiceiitage oi giowtlt 
the pioduct IS the length of the involved exticmity Bv siibti acting the calculated leng ' 
of the involved extiemit}^ fiom the length of the aveiage noimal extiemity, the amount o 
shoitening is obtained (Table IV) Also included in Table IV is the estimated shoitening 
foi an extiemity 7G 2 centimeteis long and foi an extremity 9G 5 centimeteis long (fo'"' 
inches shorter and foui inches longei than the ayeiage length) If the percentage of gro" ^ 
is 99, the shortening in the shoit, ayerage, and long extiemities ivould be 0 8, 0 9 and 
centimeteis, respectively The vaiiation of these amounts fiom the shoitening m the e\ 
tremity of aveiage length is as small as oi smallei than the maigin of error in clinica 
measuiements With 94 pei cent giowth, the shoitening of the shoit, aveiage, and ong 
extiemities would be 4 G, 5 2, and 5 8 centimeteis Again the vaiiation fiom the 
of average length is small (0 6 centimeteis), and is of the same oidei oi smallei than 


TABLE IV 

Estimated Shortening in Extuemitii s of Various Lengths 


Length of Extiemity 


Short (76 2 centimeteis or 30 inches) 
Average (86 4 centimeters or 34 inches) 
Long (96 5 centimeters or 38 mches) 


Peicentage of Giowth 
99 94 8S 


0 8 cm 

0 9 cm 

1 0 cm 


4 6 cm 

5 2 cm 
5 8 cm 


9 1 cm 

10 4 cm 

11 6 cm 
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TABLE V 

feixr^-i ouu Path ms nn Oni Normal Lom ru Extremity 
(Muscli ScoRi oi 115 TO 111) 


Muscle Pom ci 

111 Weikci E\trcnulj’- 

Amount of Shortening 
in Weakei Extremity 
{Centimeters) 

115-111 

0 8 

110-91 

1 2 

90-71 

2 3 

70-51 

4 0 

50-31 

5 8 

30-11 

6 4 

10-0 

6 7 

One stTiidauI deviation 

±1 5 


vaiiation in clinical measuiemcnts When the peicentage of growth is 88, the variation of 
shoitening is somewhat laigei It is evident that theie is usually insufficient variation of 
shortening to necessitate making collections foi long and short extremities Therefore, 
all latei calculations weie based on extiemities of aveiage length 

By using this method foi calculating shoitening, the peicentage of giowth lepie- 
sented by the tiend line in Giaph I can be conveited to centimeteis of shortemng foi an 
extiemity of aveiage length (Table V) The standaid deviation for these cases, in terms 
of shortening, was 1 5 centimeteis 


TABLE VI 


SHORTENING 

OF LOWER EXTREMITIES AFFECTED BY POLIOMYELITIS 

MUSCLE 

POWER 

MUSCLE POWER right extremity 

LEFT 

EXTREMITY 

1I5-III 

110*91 

90-71 

70*51 

50-31 

30-11 

10-0 


CM 

CM. 



CM. 

CM. 

CM. 

liS'llI 

0.8 

1.2 



5.8 

54 

6.7 

110-91 

1.2 

1.0 

1.6 

29 

4.5 

5.5 

63 

90-71 

23 

1.6 

0.5 

1.0 

30 

48 

58 

70-51 

40 

29 

1.0 

0.8 

1 4 

29 

3.8 

50-31 

58 

45 

30 

1.4 

03 

1.4 

2.0 

30-11 

6.4 

55 

4.8 

25 

1.4 

13 

1.3 

10-0 

6.7 

63 

58 

3.8 

20 

1.3 

0.4 


il.5(7Af. ONE STANDARD DEVIATION 
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In a similai fashion, the calculated shoitenmg foi an e\tiemit 3 " of average length vas 
detei mined foi the othei gioups of cases shovn in Giaph II (Table VI) This table repre- 
sents the statistical anahsis of 166 cases of pohom 3 ^ehtis vith onset before the age of 
eleven The calculated average shortening occuning inth vai 3 ang amounts of muscle 
weakness is recorded The standard de\ ration foi the fiist column of si\t 3 ^-four cases 
ha^^ng one normal e\tiermt 3 (i eitical column 115-111) vas 1 5 centimeters The standaid 
de^^atlon for the other gioups of cases did not exceed this amount 

A means vas sought for apphung this inf oi matron to the prediction of expected 
shoitemng We had found eail 3 " in the stinh that, after the acute stage of pohom 3 ehtis, 
the muscle pov ei giaduall 3 Mmpioved for eighteen to twentv-foui months Following this 
period, there vas usuall 3 ’^ little change in the muscle pattern It appeared, theiefore, that 
prediction of shoitenmg could be based on muscle examinations done tvo or more 3 Tars 
after the onset of the disease 

Although the prediction of growth or lack of giowth is subject to much mdmdual 
variation, it was anticipated that clinical application could be made of the relationship 
between muscle power and shoitenmg found in this stuch To predict the amount of 
shortemng a muscle exanunation done hi the Lo\ett method should hare been made 
two 01 more 3 ears after the onset of the disease After the muscle gradings of normal, 
good fan, pooi, trace, and zero hare been conieited to the numerical gradings of 5 4, 3, 
2 , 1 , and 0 lespectneh these gradings are totaled for the right extiemit 3 " and for the left 
extiemit 3 The result wall gne a muscle-power score for each extiemitv of between 0 and 
115 Bv exammmg Table VI under the proper column for scoring of the light and of the 
left extiemitc the amount of expected shoitenmg is found The standaid de^aatlon for 
this table is 1 5 centimeters Onh m cases of pohomaelitis occuning before the age of 
eleien should this chait be used, as the cessation of giowth occuis at some '' ariable time 
after this age 


SUAIM \Ra 

Of 166 adults m whom pohonn ehtis dec eloped before the age of eleien, lanang de- 
grees of muscle powei and shoitening weie present m the lowei extremities There was no 
specific relationship between the age of on^^et and the amount of disci epancv m limb 
length Theie was, howeiei, a definite lelationship between the lelatne muscle strength 
m the two extiemities and the disci epanci in limb length These data mT\ be utilized 
clmicalh m predicting the amount of shoitenmg that will occiii in a patient hanngpoho- 
m 3 ehtis before the age of elei en 

1 Loi’Ett, R W The Tieatment of Infantile Pirah sis, Etl 2, pj) 132-162 Philadelphia, P Blakistons 
Son and Co , 1917 


DlSCbSSIOX 

Dr ttiLLiAiiT Greex, Boston, 31 \ss\CHUSETTS The problem w Inch Dr Stinchfield, Dr Reidij ind 
Di Barr have approached w e have found to be a most difficult om , and I am s^ mpathetic w ith their 1 
culties and the work in\ olved For certam of theu deductions, thee h n c been forced to use gioups of pat'cn 
which were too few m numbei foi statistical deduction For (.\ample, in comparing the giowth of the a 
fected and normal sides m those j ounger and those oldei at the time of onset, the3 hai e onh three patien s 
between the ages of sl\ and eleven in the group with extensne parahsis and onlj eight patients at this aeS 
wath lesser degrees of parahsis This will not allow statistical lepresentation that the effect upon S'"®"* ' 
the same, whether a patient is affected b 3 poliony ehtis at an earliei 01 later age under eleven jears T fse 
and other weaknesses m certam portions of this papci arise from the charactei of the material which 
be used and from the nature of the problem 3 Ioreovei, this does not detiact from the finding that, ni 
patients under eleven jears of age, the shortening at maturit3 coi responds with the degree of parah'iSi ° 
that it w as independent of the age at onset 

If one w ere liazardmg a guess as to w hat w ould occui , w ithout anj' information, this w ould seeni^^^^ 
uiilikeh This leallj means that a child w ho has polioim elitis at ten i eais of ago has a much greater c„ 
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of niowtii mlubitioii duiing the glowing period than docs a child i\ho has the disease at two years of age 
lo caiij this fuithei, in 20 pci cent of oui cases in gals, no longitudinal growth occurred after the age of 
thirteen jTars This w ould mean that m the c\tiemc case of a giil in w horn the disease developed just before 
clc\en jcais of age, a phenomenal inhibition of giowth— m ccrlam instances amounting to 100 per cent or 
more — w ould have to occui immcdialelv aftci the onset 

On the suifacc, it i\ould seem moic logical to expect that a constant coefficient of giowth inhibition 
would exist following poliomyelitis, — that is, that the inhcient effects of the disease on the extremity wmuld 
inhibit glow th bj a certain percentage each ycai, and that the shortening would be a product of the amount 
the patient grows ind tiie pcicentagc of inhibition In fact, however, this constant coefficient has not occuried 
in their cases oi m ouis Fuithcimoic, oui cases show to some degiee the tendency which the authors have 
described, although not to the extent that theiis do In fact, oui cases follow much more closely a constant 
coefficient of growth inhibition each ycai, specific to the individual case, than they do a fixed amount which 
IS mdependent of the age at onset 

These tendencies wcic demonstrated by distiibuting fifty of oui cases m wdnch infantile paralysis had 
occurred before the patient was ten 5'cai's of age, and comparing the amount of shortening which occurred 
at matin It j with the shortening that was predicted by two methods In one instance, the prediction fol- 
lowed the method of the authors in which the duration of the disease was ignoied In the other, the distri- 
bution considered the amount of jiaralysis and the 5 ears of gi ow th remaining after onset In reality, the latter 
method represents a prediction based upon an assumed constant percentage of inhibition of growth each 
icar aftci onset until growth is completed The picdiction was very much bettei by the second method, al- 
though ill thirteen of the fiftj' cases the prediction vaiied fiom the real shortening by 1 5 centimeters 01 
more However, even those outside of the range were quite close to the 1 5 centimeters of variation By the 
method proposed by the authors, twentj -tw 0 of the fift}' missed the prediction by more than 1 5 centimeters, 
and marked deviation from the prediction existed in many of these One may conclude that neither method 
IS very dependable 

One of the chief reasons for this, I believe, is that grow th is affected to a variable degree by the disease, 
dependmg upon the duration after onset This is illustrated by a survey of our cases Two hundred and 
fifty-seven cases in which one lower extremity was affected by variable degrees of paralysis and the other 
was normal were analyzed as to the annual mciements of inhibited giowth These were subdivided into four 
divisions, based upon the degree of power in residual muscles In all of the groups, it was found that the 
aveiage maximum inhibition occurred from the second to the fifth year after the onset of the disease, — 
that is, there w as less inhibition prior to the second year and less inhibition each year after the fifth y tar 
follow mg onset 

To carry this pomt further, seventeen patients who had six years to grow at the time of onset of the 
disease w ere studied as to the discrepancy w hich occurred each yeai These patients had unilateral involve- 
ment of the lower extremities, the residual muscle power m the affected extremity was sixty-four It may be 
seen (Slide) that these patients had sufficient time to go through their years of maximal yeaily inhibition, 
despite the relatively short period of grow th after the disease These cases, therefore, w ould tend to demon- 
strate the phenomenon which the authors have described, but it is only relative If the patients had a longer 
period to grow, there would be still more discrepancy However, the inhibition of growth m other jears 
would not be so much as m the critical period of two to five years after onset In attempting to predict the 
amount of discrepancy, there has been a high correlation m our cases with the amount of paralysis, but theie 
IS great variation 

There are many factors involved which cannot be discussed All in all, this is a difficult problem, and 
we are indebted to the authors foi their contribution toward its understanding 

We are very much indebted to Dr Blount for the presentation of his experience m the use of staples to 
mhibit grow th In correcting discrepancies, the next best thmg to bemg able to stimulate grow th is to be 
able to stop it for an interval and yet have the possibility of allow ing grow th to resume It makes accuracy 
in prediction of giowth less important than m ordmary epiphyseal arrest, although no procedure should bo 
carried out w ithout full consideration of the growth which is normally expected from the particular epiphj'sis 
and the anticipated effect of the procedure upon grow th Prediction tables should be consulted freely 

From the evidence, this seems to be a very good method to correct certain deformities, if used properlj 
It cannot be decided at this time whethei it is less good or better than the Phemister type of arrest, if one 
wants to stop growth completely Certamly the author has had difficulties, as witness the increasing number 
of staples which he is using now, the broken staples, and the multiple procedures However, this is inherent 
m the development of a new method and does not necessarily condemn it The important thmg is that it 
gives the possibility of havmg growth resume Longer observation of more cases wdl be necessarj before 
w e can detci mine how' dependably grow th w ill resume after removal of the staples 

Certainly one must consider carefully, before using staples m younger children, when it is proposed to 
remove them and have grow th resume Disturbmg consequences maj result if grow th does not start again 
Those of us who use this technique must observe our cases carefullj, and contribute to an evaluation of the 
method WewillawaitwithmteiestDr Blount’s further observations The technique has manj possibilities 
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DISCUSSION 


Dr J Warren White, Greenville, South Carolina Although both of these papers are on the same 
general subject, the material is so different that one can haidly discuss them together satisfactorilj The 
repoit from Dr Reidy, Di Ban, and their associates two j^ears ago, relative to the danger of using roentgen 
irradiation m arresting giowth, vas a valuable contribution, the present paper has added neiv data to the 
mfoimation already contributed b} this group 

One would naturally expect moie shoitening m the cases with gicatei involvement, but my opinion is 
that the amount of shortening depends moie upon function than upon the empirical figure derived from the 
muscle-stiength test Not all muscles aie affected alike, and a w ide variation in function is possible with this 
method of muscle-strength evaluation, wheieas the cnipiiical figure showing the muscle power for the entire 
extiemity is the same For instance, if the glutaeus maximus and the quadriceps were paralyzed to a high 
degiee, and the hamstrings and hip flexors wmre relatively unaffected, the final figure would be the same a' 
if all muscles weie mildly affected, yet thcie would be much more associated disability in the case of the 
seiiously involved glutaeus maximus and the quadriceps 

I feel that the shortening w ould be due to the dysfunction How ever, the evaluation of disability is ven 
difficult, and a definite figuie, such as that obtained in testing muscle strength, is much more satisfacton 
I hope we can depend upon it 

I have had a good deal of difficult m undci standing this paper I had to lead it several times, and I am 
sure that the audience has had difficultj'', also The chaits aie a little hard to follow without studj In our 
own cases of limb-lcngth disciepancj wc have marveled at the icgularit3 with which shortening gradualh 
occurs duiing the giowth peiiod On that basis wc have appiienth an increasing senes, which shows that 
we can depend on this annual dcciomeiit Wc have, howi ver, also seen that as constructive surgery is done, 
and as the patient can use to better effect the short limb, the decrement tends to become less and ouronn 
calculations lend to be somewhat upset Because of this, in making oui calculations, we have leaned toward 
the conservative side In most instances there is a little more growth than we anticipated, and, if we had 
been conservative, the ov^cigiowth in sixteen of oui earlier cases might not have occurred In spite of the 
figures gmii in the paper, I am of the opinion that, to picdict final shoitening, one has to watch a patient 
for a } ear 01 twoaftti the fiist two j'c us of convalescence, and see what the annual decrement is From that, 
the final disc rtp uuv can be figuicd, as seen on out of the charts in our scientific exhibit 

Therefore, we fed that function, rather than paiahsis, is important in the dcternunation of final di' 
ciepancies The. \ti\ tact that muscle power usualh coincides with disabilitv permits the conclusion that it 
mav be a good cute non, if the findings continue to be consistent 

Dr Blount li i- made a valuable coiitiibution to our aimamentaiium and to the procedures which cm 
be done, — m this i )=!( mce, on the long lowei cxtremitj lathcr than the short one Time will tell how certain 
It IS I am still a little skeptical, and will wait a few more 3cars befoie I use st iples, except in cases of genu 
vaium 01 genu v dgum We have used staples in a few of those cases It is still caih to form a definite con 
elusion, but I think the metliod is moie likeh to bt valu iblc in the conditions mentioned than as a means of 
effecting comphtc stoppage Thcic is one diflicultv associated with these staples, and that is, as Dr Blount 
believes, you can leave them in foi onh two jeais Lenvung them m for longer than that tends to produce 
definite damage, which I am afiaid occuis pioximallj on the metaphyseal side of the plate Di Blountplacc 
the staples blmdlj', and yet doesn’t w ant to hav'e aii} tissue impaled This seems contradictor j , as one more 
the tissue oveiljnng bone, the plate is necessaiilv exposed and the staples uui be placed vasualh I think it e 
impoitant to place the staples visually The pioccduie must be verj exact, ev^en from the loentgenograne 
one cannot tell definitelj just where the staples are We arc all wondering about the abilitj' of the plate to 
resume function after it has been stapled for a couple of years Tremendous force is exerted b}" these growing 
cells, and it is surprising that even three staples are strong enough We shall look forward to a subsequen 
report on this method of arresting grow th 


Dr JoserhS Barr, Boston, Massachusetts (closing) Evei 3 one who has had to deal with the pm 
lems of poliomyelitis m the late stage has felt the need for some method of predicting the amount 0 ^ 

crepancy m limb length which could be expected when the patient reached adult life Up to the presen 
there has been no method available The one which we propose has obvious defects and cannot be 
to be accurate m all cases It should be regarded as a first attempt We will all look forward to the ev® 
ment of moie accurate methods Nevertheless, this method has the vmtue of simplicit3 Ml that is 
IS an accurate muscle examination, done in the late stage of the disease, in a child who has not reac e 
age of ten or eleven It lequiies about five minutes to assign a numerical value to the muscle P°" 
extremity, to consult the piediction table, and to obtain a figuie which in 70 per cent of oui cases las 
accurate w itlun an error of less than 1 5 centimeteis 

Since our paper was prepaied, we have had the oppoitunity to cheek the aecuiac3 of the table 
seven additional cases In seventy-one (01 73 pei cent ) of the cases, the actual disci epanc3’' m im 
fell w ithin the predicted range Twenty-seven per cent were outside the piedicted lange juvobei 

We realize that relative muscle power m the twm extremities is by no means the only la 

but it IS certainly a major one At the present time no means aie available by which we can 

{Continued on "page 500) 
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l^FFECT OF DIATHERMY (SHORT WAVE AND MICROWAVE) ON 
BONE GROAVTH IN THE ALBINO RAT *t 


BY CH VllLLS S WISL, M D , BENJ \MIN CASTLCMAN, M D , 

\ND \RTHUR L WATKINS, M D , BOSTON, MASSACHUSETTS 

From (he Dcpaitmcnls of Physical Medicine and Pathology, 

M assttchuseds General Hospital, Boston 

Physical agents capable of affecting bone gioMth aie ol mteiest to the clinician deal- 
ing Mith gioMth in geneial, as i\ell as to the oithopaedic suigeon investigating mecha- 
nisms of epiphyseal aiiest The susceptibility of the gi owing epiphysis to loentgen ladia- 
tion, denionstiated by lecent iioikeis* laises the question of a similai effect of high- 
fiequency electiical cuiients The widespiead use of diatheimy m medical practice today 
emphasizes the need foi nioie infoimation concerning its ph 3 '^siological effects, as well 
as its potential dangeis This papei desciibes a set of obseivations conceimng the effect 
of diatheimy, applied to the legion of the knee joint in the gi owing albino lat Single 
exposiiies of eithei condensei held, shoit wave (8-metei wave length) oi miciowave (11- 
centimetei wave length), weie emploj’^ed m appi oximatelj'^ fifty animals The contia- 
lateial knee seived as a contiol Appiopiiate animals w'eie saciificed and examined at 
\aiving inteivals following exposuie foi changes m bone length, soft-tissue leaction, and 
in the loentgenogiaphic and micioscopic appeal ance of the tieated epiph^’^sis 

METHOD 

1 Shoit-Wave Diathei my {8-metei wavelength) 

Foity 100-giam albino lats weie anaesthetized by inti aperitoneal nembutal A small 
cuff electiode, 2 centimeteis in diametei and 1 5 centimeteis wide, suitably insulated wuth 
cotton wadding, 0 5 centimetei m thickness, was placed ovei the light knee joint The 
animal was held in place on its back ovei an insulated indiffeient pad electiode, 10 by 6 



Fig 1 

Method of applying short-wave diathermy to the region of the knee 

centimetei s The electi odes wei e capacitatively coupled to the spaced plates m the patient’s 
circuit of a standaid clinical short-wave diatheimj'^ machine Dosage was legulated by 
varying the lesonance m the patient’s ciicuit Relative powei output in the animal ciicuit 
was measuied bj'^ means of a shielded milliammetei with a fixed shunt lesistor, and 
lectified capacitativeljq coupled to the electiode leads (Fig 1) Metei leadings of ten, 
seven, five, tlnee, and two indicated the lelative voltage in the animal ciicuit in 

* Read before the Orthopaedic Section of the American Medical Association, Chicago, Illmois, June 
24, 1948 

t This work was aided by a grant from the National Foundation for Infantile Paralj sis, Inc 


VOL 31 A ^0 3 JULY 1949 


487 




488 


C S WISE, B CASTLEMAN, AND A L WATKINS 


TISSUE 

DAMAGE 


0 



1 - 




Fir 2 

Relation of slioit-wavt dialluime to soft-tissue leaction 


vaiious expel iments Duiation of exposuie i\as eithei five, ten, oi fifteen minute 
The extiemitj’’ vas examined immediately aftei tieatment and giaded accoidingl 
the following scale, based on soft-tissue leaction 

0 Extiemity vaim to touch as compaied to the contiol, but no othei gro' 
diffeience noted 

+ Slight swelling piesent in suiioundmg soft tissues and slight increase i 
lesistance to passive motion, eithei alone oi in combination 
+ + Maiked spelling piesent in suiioundmg soft tissues and maiked increase i 
lesistance to passive motion of the tieated joint, either alone or in coir 
bination 

Ulceiation oi evidence of gioss tissue destiuction 
The animals veie obseived at legulai mteivals following exposuie, and secondar 
changes, such as atiophj'^, limp, oi foot diag, veie noted At tvo, foiii, six, eight) ter 
twelve, and thiit3'’-six m eeks aftei tieatment, selected animals weie saciificed Examinatioi 
included loentgenogiams and gioss desciiptions of the bone and soft tissues Micioscop 
sections weie taken of the distal poition of the femui and the pioximal poition of tr 
tibia, including the epiph^’^seal plate in most instances, of both the tieated and centre 
limbs 

2 Mia owave Diathei my wavelength) 

Animals undei intiapeiitoneal nembutal anaesthesia weie exposed to miciona' 
ladiation emitted fiom a mici othei m, a paiabolic lefiectoi being used The animal 
placed undei a metal shield except foi the legion of the light knee, thus piotectmg 
lest of the animal fiom the miciow^ave ladiation In diffeient expeiiments the sourc^ 
of the ladiation w^as placed at vaiying distances fiom the tieated limb, langmg 
diiect contact to 4 centimeteis The pow^ei output of the machine wms set at , 
pel cent , 50 pei cent , oi 75 pei cent of the 130-w^att total capacity of the 
Duiation of tieatment w^as ten minutes in all cases, except foi one animal w'lnc 
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TABLE I 

Shohi-WavI' Diaihi umy 


B it No Voltific 

Treatment Clinical 
{i\! unites) Results 

Saci ifitc 
(11 eeks after 
Treatment) 

Condition 
lit Tune of 
Saciifice 

Autopsy and Microscopic Findings 

31 

10 

5 

+ + + 

2 

Large ulcer, 
gangrene 
of foot 


30 

7 

5 

+ + 

2 

Limp, ulcer Purulent arthritis. Staph albus, alpha- 
hemolytic Strep , marked degenerative 
changes 

40 

7 

5 

+ + 

4 

Limj), uleer Thigh atrophy, one-third normal, thick- 
emng of joint capsule, limitation of 
joint motion, marked destruction of 
epiphysis 

37 

7 

5 

+ 

2 

Limp 

Muscle atrophy, limitation m joint mo- 
tion, cystic changes m epiphyseal plate, 
marrow fibrosis of metaphysis and 
epiphysis 

38 

7 

5 

+ 

4 

Normal 

Shght scar over tibia, epiphysis grossly 
abnormal, narrowed, and partially de- 
stroyed 

33 

7 

5 

+ 

4 

Normal 

Shght scar, ? imcroscopic changes in 
epiphyseal plate 

34 

7 

5 

+ 

36 

Normal 

No changes noted 

32 

7 

5 

0 

2 

Normal 

No gross changes, t cystic degeneration of 
epiphyseal cartilage 

36 

7 

5 

0 

6 

Normal 

No changes noted 

35 

7 

5 

0 

12 

Normal 

No gross changes 

11 

5 

5 

++ 

10 

Scar limp 

Muscle atrophy, epiphysis grossly ab- 
normal, almost obliterated, hypei- 
plasia of synovial membrane 

15 

5 

5 

+ 

6 

Limp, ulcer Scar adherent to fascia below and lateial 
to knee, quadriceps atrophy, epiphyseal 
plate ossified and narrow , synovitis 

12 

5 

5 

+ 

36 

Limp, scar 

Gross deformity right femur 2 8cm, con- 
trol 3 5 cm , limited extension of right 
knee 

14 

5 

5 

0 

36 

Normal 

No changes noted 

13 

5 

3 

+++ 

2 

Ulceration, 
gangrene 
of foot 

Spontaneous amputation of leg 

29 

3 

15 

++ 


Died 10 
days after 
tieatment 

Deep ulceration of thigh 

26 

3 

15 

+ 

6 

Scar, ? 
limp 

No gross changes, knee cut with dimin- 
ished resistance, mmoi changes in 
epiphyseal cartilage 

27 

3 

15 

+ 

10 

Normal 

No gross changes 

28 

3 

15 

0 

36 

Normal 

No changes noted 

30 

3 

15 

0 

36 

Normal 

No gross changes 

16 

3 

5 

+ 

36 

Normal 

No gross changes 

19 

3 

5 

0 

3 

Normal 

No gross changes 

18 

3 

5 

0 

4 

Normal 

No gross changes 

20 

17,21, ; 

3 

1 

5 

0 

6 

Normal 

No changes noted 

23,24, 

25 ' 

3 

1 

5 

0 

36 

Normal 

No changes noted 
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exposed i( ]o^^ iiilensity foi foiLy minutes Following the tieatment, the animals weie 
giaded as lo sofl-tissuc leactions and examined as desciibed 

RESULTS 

The lesulls (Tables I and II) can be summanzed undei the following headings (1) le- 
latioii of dnlhei my dosage to soft-tissue leaction, (2) i elation of diatheimy tobone gioiith, 
ind (3) pathological changes in bone and soft tissues following exposuie to diatheimy 

I Rclalwn of Dialhci my Dosage lo Sofl-Tissve Reaction 

In these expeiiments the lelative voltage employed in the exposuie is compaied nath 
the lesulting soft-tissue leactions 
The lesults of shoit-wave diatheimy 
ue shown in Figuie 2 

Although theie is a geneial coi- 

1 elation between the lelative dose and 
the degiee of tissue injuiy, sufficient 
\aiiation in lesponse exists to make 
accuiate and piedictable dosage im- 
possible undei the existing conditions 
It IS well known that vaiiation in the 
distiibution of the electiic held will 
lesult fiom minoi diffeiences in the 
geometiic oiientation between the di- 
electiic and the electi odes’* It is 
conceivable, theiefoie, that, despite 
the same lelative voltage leadings 
between the electiodes m diffeient ex- 
periments, minoi vaiiations in the 
application of the cuff electiode oi 
conformation of the extiemity w'ould 
altei the distiibution of the electric 
field sufficientlj’’ to account foi the 
diffeiences in tissue leaction 

With miciow'ax^e ladiation, similai difficulties aiise in the accuiate measuiement of 
dosage In general, the dose can be vaiied by changing the powei output of the machine, 
the distance of the extiemity fiom the souice of ladiation, and the duiation of the ex- 
posuie In the expeiiments described, the dose was A'^aiied in such a manner as to pio- 
duce all giades of tissue leaction fiom mild w^armth to the touch, with no objective 
changes (Giade 0), to marked evidence of tissue destiuction (Giade -f-h-l-) As would be 
expected, theie was moie maiked tissue leaction with highei pow'ei output and shortei 
distances fiom the souice of emission Because the field strength of the miciowaves di- 
minishes as the squaie of the distance fiom the source, and since the distances used in the 
expeiiments weie compai ativel}'’ small, exact dosage was not possible The field distiibu- 
tion of the miciowayes is umdiiectional 

In view' of the difficulties in quantitatively estimating pi ecise dosage and disti ibution 
of eneigj' in any individual expeiiment, it w'as consideied more reliable to coiielate bone- 
growth distuibance wath the soft-tissue response immediately after exposuie to diatheim}' 

2 Relation of Diatheimy to Bone Giowth 

In animals wdieie no soft-tissue changes — swelling, muscle spasm, ulceration, et 
cetera — were produced following diatheimj' tieatment, no subsequent changes were ob- 
served in bone giow'th, either grossly oi by micioscopic examination In nineteen animals 



Fig 3 


RoeiUgenogi am of rat (No 12), thirty-six weeks aftei 
short-wave diathermy to light knee (five-minute treatment 
at lelative voltage of five), showing obliteration of joint 
space, atrophy of epiphysis, and shortenmg of femur (2 8 
centimeters, contiol 3 5 centimeters) Note also shortening 
of tibia, atrophj of fibula, and narrowing of tibial epi- 
phj seal plate 
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TABLE III 


RBLATIo^ ot SuF'r-TibbUB Chavgbs Following Single Exposure io Shoki WA^E or 
jMiCROWwra AND Subsequent Effect on Bone Gkow'th 


Number of Amnials 


Grade of Soft-Tissue 

No Effect on 

Disturbance of 

Reaction 

Bone Grow th 

Bone Growth 

0 

19 

— 

+ or -H-h 

6 

9 

+ + + 



3 


giaded 0 following a single exposuie to eithei shoit-wave oi microwave diatheimy, the 
tieated extiemity continued to giow noimally, as endenced by roentgenograms, measure- 
ment of the femur at autopsy, and mici oscopic examination of the epiph 3 ''sis Fn e animals 
with mild swelling and muscle spasm (Grade +) and one animal with maiked soft-tissue 
swelling (Giade -t-+) also showed normal giowth The lemaining twelve ammals mth 
distuibance in bone giowth had soft-tissue changes (Table III) 

3 Pathological Changes in Bone and Soft Tissue Folloinng Diathermy 

As stated, pathological changes in the bone w ei e found onh’’ in those ammals re- 
ceiving sufficiently laige doses of diatheimj’- to cause soft-tissue injui}’’ In these ca'e 
immediately following the tieatment, ^alJ’■lng degiees of soft-tissue swelling and muscle 
spasm weie obseived, as demonstiated bjr inci eased lesistance to passive motion of the 
knee 3 oint In moie seveie cases, this wms followed within tw enty-foui to foitj’’-eight hours 
b\ ulceration and neciosis of the skin and soft tissues Healing was slow and varied with 
the extent of the bum In a few of the most seveie cases, gangiene was followed bj’' spon 
taneous amputation of the leg 

The subsequent distuibances in bone giowth following exposuie to shoit-wave dia 
theimjr did not alwaj's paiallel the degiee of soft-tissue change In several ammals (No' 
16, 34, and 35), modeiate soft-tissue changes following tieatment failed to be accompanie 
b}"^ subsequent disturbance in bone giowth, as evidenced by loentgenogiaphic oi aacro- 
scopic studj' of the epiph 5 "sis In anothei gi oup, how e^ ei , w ith compai able immediate soft 
tissue changes following tieatment (Nos 12, 15, 37, and 38), considerable impanmentin 
bone giowth became apparent in latei i oentgenogi aphic and pathological stiiches (Fig ) 
In general, the i oentgenogi aphic findings paialleled the gross and microscopic change' 

Man}^ of the pathological changes obseived mici oscopicall}’’ weie not unlike ® 
changes obseived after epiphyseal iiiadiation b 3 ’’ Gall, Lingle 3 ’, andHilcken (Anexce 
description of the normal histolog 3 ’’ of the epiph 3 "sis of the albino lat ma 3 '' be found m t leir 
paper ) The earliest changes consisted in swelling of the caitilage cells of the epiph'“^^ 
plate wnth fibrillation of the matiix, followed b 3 ’^ C 3 '^st formation in a few of the cases ( 

4 and 5) The epiph 3 ’-seal plate became naiiow, iiiegulai, and distorted, and in some an 
mals theie was complete destiuction of a poition of it In the cases with seveie 

the epiph 3 ^sis itself was shi unken and distorted, and the maiiow' was fibiotic (Fig 6) 
few' cases the aiticulai cartilage showed degeneiation and there was ° 

synovial membiane The hyperplasia was moie maiked in the animals tieate 
miciow'ave diatheim 3 '- 

In the miciow'ave experiments, no distuibance in bone giowth was obseived m 
animal w'hich did not show' obvious soft-tissue change immediateb' aftei tiea me 
the ten animals used, one died immediatel 3 ' because the dose w'as too large, five ' 

1 eceived too small dosage to pi oduce an 3 ' clinical oi anatomical change , one (No j s 
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destiuction of one side of the epiphysis and aiticulai caitilage, but the epiphyseal plate 
AAas not injuied In anothei animal (No 44), follonung exposuie to microwaves, a mod 
eiate degiee of local SAiellmg appealed, AA^hich peisisted foi several days Anthout obnous 
ulceiation of the skin In spite of this mild soft-tissue leaction, theie Aveie definite bone 
changes, lesulting in shoitenmg of the femui duiing subsequent gioivth (Figs 7-A and 
7-B) Micioscopic examination in this animal showed destiuction of the central portion 
of both femoial and tibial epiph 3 ’-seal plates, as ivell as a poition of the femoial epiphysis 
and aiticulai caitilage (Fig 7-C) Similai changes A\eie seen in still anothei animal 
(No 43) An additional hnding heie A\as the ext ensure svnoAual liA’^pei plasia, almost 
neoplastic in appeal ance (Fig 8) 

The one animal (No 42) that suiAUA^ed a laige miciowaA^e dose and A\as sacrificed at 
thiitj^-foui AAeeks shoved a bizaiie lesult Immediatelj'^ aftei exposuie to micioivaAm there 
AAas considerable sAAelhng, folloAAed in foity^-eight houis by ulceration of the superficial 
tissues Healing aaus sIoaa and AAas foiloAAed by’^ complete absorption of the distal portion of 
the femur and the proximal portion of the tibia (Figs 9-A and 9-B) The resulting flail 
foot AAas connected to the trunk by’^ a pedicle of skin and connectiA^’e tissues The circula 
tion, bone stiuctuie, and sensation to pm puck, as e\udenced bj’’ the animal’s response, 

AA ei e appai entl}’’ ummpaii ed in the 



Fir G 


Photomiciogiaph (X 30) of Ioam'i nul of ftimii of a lat 
fNx) 38), foul AAtcks aftci shoit^MaA'c diatliciniA, showing 
maiked distoition and fibiillai degcneialion of the ejiiphyscal 
plate, niaiioAA fibiosis, contiaction of epiphysis, and dcgcncia- 
tion of the aiticulai caitilage 


flail foot * A cross section of the 
pedicle (Fig 9-C) sIioaa's complete 
absence of the bone The skin sur- 
face on one side is normal, still 
containing the skin appendages, 
AAhile that on the other side has 
appai entlj regenerated folloiung 
the ulceration All the muscles 
are ati opine and the neiA'es are 
still piesent 

DISCUSSION 

A iCAieAA of the literature 
pioA'ides Amiy little information 
concerning the effect of diatliermt 
on bone gi oaa th In 1932, Nove 
Josser and reported deformity of 
the calcaneus and epiphyso!* 
aiiest of the distal portion of the 

tibia in aneight- 3 mai-oldgiil,'«h®, 

AAlien she aaus only fiAm mont 
of age, had had a diathermy bf*''*' 
in tlie legion of the heel Tins nas 

accompanied by 6 centimeters o 

sh 01 tening N OA^d- J ossei and state 

that the calcaneal lesion, n 
coiiesponded to the cutaneou 
seal, lesembled that 
AA ould see in anA" deep burn o 

heel of a child What aaus lemarK- 

able AAas that the bony 
produced an important e ec 


* Similai defoimities weie pioduced with miciowavo ladmtion in anothei group of experiments, 
of the pathogenesis will be lepoited latei 
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Fig 7-A 



Fig 7-B 


Fig 7-\ Roentgenogram of 1 at (No 44), eight \\etks after microi\ave diathermy, shoi\ mg destruc- 
tion of femoral and tibial epiphjses and atiophj of patella Note shortenmg of femur (2 4 centimeters 
as compared i\ith the control measurement of 2 9 centimeters) and tibia (3 1 centimeters as compared 
with the contiol measurement of 3 4 centimeters) The tibial epiphyseal plate is nanowed 
Fig 7-B Photogiaph of lowei e\tremities of same rat, shoiMng shortenmg of bones 


the talus and the lowei end of the tibia, wheieas the skin at this level lemamed abso- 
lutelj'- intact Although not mentioned by the authoi, we can assume that the mstiu- 
ment lesponsible foi the bum vas of the conventional long- wave vaiiety (appioximatel)'’ 
100-metei wave length), in use befoie the piesent eia of short-w'ave machines 

A peisonal communication* affoids anothei instance of distuibance in bone giowth 
piesumably i elated to a diatheimy bum A five-month-old South Amencan giil was 
stneken with poliomyelitis, with maiked involvement of both lowei extiemities Thiiteen 
da 5 ''s aftei the onset of the disease, the child was tieated with short-w'ave diatheimy An 
electiode was placed on the light ankle and anothei ovei the back Aftei tw enty-five min- 
utes of tieatment she had the sj'^mptoms of heat stioke, accompanied by caidiac and 
lespiiatoiy collapse and convulsions A seveie bum developed in the region of the right 
knee, lequiiing over two months to heal Roentgenograms taken fiom six months to thiee 
yeais latei showed destmction of the distal femoial and pioximal tibial epiphyses (Fig 
10) This was associated with consideiable scar tissue and contiactuies m the region of 
the knee, which weie subsequently lemoved suigicallj'- The oithopaedic surgeon stated 
“Fiom the history of the use of shoit-ivave diatheimjq one is foiced to the conclusion that 
the epiphyseal lesion is due to the deep heat induced b}’’ the shoit-wave diathermy ap- 
paratus In my opinion this lesion is not due to anj'^ t 3 ’’pe of disease, and I have nevei 
seen the condition in any case of poliomyelitis This child now" has one and one-half inches 
of shoitemng due to this lesion and the shortening wall piogiess One can suspect 

that there wall piobably be at least six inches of shoitemng w"hen the child anives at adult 
life ” 

Aside fiom the tw"o examples mentioned, no instances have come to the authors’ 
attention in wdiich this seiious sequela to diathermj" burns has been reported 

In 1934, Wembeig and Waid lepoited the expeiimental obseraation of mcieased 
vasculaiization and bone lepaii in bone defects in dogs, subjected to dailj" tieatment wntli 
conventional diathermy They reported higher temperatures in the bone than in the 

* The authors are indebted to Frank R Ober, M D , for permission to publish a report of this patient 
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suuouiuhng boK tibbuos cluiing the cliathei ni}'- ti eatment The accuiacy of the tempeiatme 
btudies IS open to quebtion, since Weinbeig and Waid implanted clinical theimometeib 
in (he (isbucb duiing the expeiiinent 

Osboine and Coultei, on the othei hand, studying the theimal effects of shoit-wave 
chatheiinv on bone and miibcle in dogs, employed theimocoiiples placed in hard-iubbei 
caiiniilae befoie md immedntelv aftei local cxposuie to vaiioiis wave lengths and con- 
cluded (hat, although the tempeiatuie of the maiiow may be mcieased moie than the 
gcnoial body tempoiatuie, the tempeiatuie of the suiiounding muscle was always highei 
These authois concluded (hit the degiee of (issue injuiy must aluays deciease fiom the 
peiipliciy to the mteiioi Tins conclusion piesupposes the same susceptibility of all types 
of tissue to theimal injiiij’’ It is quite possible, and even piobable, that vaiiation in vas- 
culai supply and in specific lesistaiice to theimal injuiy exists in diffeient tissues The 
epiphyseal caitilage, foi example, may be considei ablj' moie liable to peimanent damage 
th in the o\eilving skin and muscle, despite the same degiee of tempeiatuie elevation 



Fig 9-A 

Photogiaph of I at (No 42), thiity-foui weeks aftei a large miciowave dose Shows flail foot, 
resulting from dissolution of the knee and of poitions of the fcmui, tibia, and fibula 



Fig 9-B 


Roentgenogram of same lat shows the absence of bone m the skin tube 
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To those \\ ho h e had clinical expeiience with diatheimy, the difficulties of measuie- 
incid of dos ige ai e ipp u enl No accui ate method is available at pi esent foi quantitatively 
dot 01 mining the amounl and distiibution of eneigy absoibed by the tissues mthin a high- 
fioquontv oloctiic held In olinual usage, the dosage is vaiied by alteimg eithei the les- 
onanoo in the patient’s eiicuit oi the output of the machine The theiapeutic dosage, 
howevei, is detei mined by the patient’s subjective sensation ot heat, lathei than by any 
objettne mcisuiement of eneigy absoiption In the evpeiiments lepoited in this papei, 
the diffii ultj in ate mate dosage is cleaily demonstiated Despite the conti oiled conditions 
employed, it was not possible to pi edict the exact degiee of tissue leaction to a single 
exposiiie to shoit-waic diatheimy on the basis of the lelative voltage betw^een the two 
clectiodcs 

Undei the conditions of the expeiiments, we can find no conclusive evidence that 
eithei shoi t w a\ e oi mici ow'ave, w hen used in “clinical ’’ dosage, has any appieciable effect 
on bone giowth In laigei doses, howevei, extensive distuibance m bone growffh may 
ensue It was fuithei obseived that the degiee of bone change WTth shoit w'ave, and pai- 
ticiilaily WTth miciowave, does not alwaj’^s paiallel the degiee of skin damage oi supei- 
ficial-tissue damage Pei haps the distiibution of the injui followung the use of moie pene- 
tiating heating agents maj"^ cause thiombosis of some of the deepei vessels wuth lesulting 
changes m bone giowth, secondai}’’ to insufficient vasculai supplj'' Details concerning the 
pathogenesis of the vaiious lesions awmit fuithei expeiimental studies to claiify the distii- 
bution of energj’’ in the tissues exposed to the shoitei electi omagnetic ladiation 

Expeiiments peifoimed on the anaesthetized albino lat must be mteipieted vei}’’ 
cautiously as to clinical significance The piehminaij’’ findings, how'evei, suggest a w'ainmg 
against the caieless oi indiscriminate use of diathermy, paiticiilaily m the patient who has 
not attained full giow'th The use of electi omagnetic ladiation as a method of elective 
epiphyseal aiiest in cases of unequal limb length does not appeal feasible 

The unusual lesiilts following seveie miciow'ave bums, chaiacteiized by extensive 
bone absoiption, do not exclude the possible theiapeutic value of this type of heating 
when employed m clinical dosage On the contiaiy, they suggest greatei penetiation of 
these ultia-shoit electi omagnetic weaves which, undei clinical supei vision, ma}’- have de- 
cided therapeutic advantages The lesults meiely indicate the necessity foi caieful conti ol 
of dosage and the need foi furthei clinical and physiological studies relative to this type 
of ladiation It is to be hoped that fuithei studies of the biological effects of this poition 
of the electromagnetic spectrum, as well as technical impiovements in mstiumentation, 
will lemove some of the hazaids existing at pi esent and furnish us wuth a moie effec- 
tive therapeutic agent 


SUMMART 

1 Single exposuies of eithei condenser field, shoit wave (8 meteis) oi miciow'ave (11 
centimeteis), weie applied to the legion of the knee joint m appi oximatelj’^ fifty albino 
rats At varymg mteivals of time, appiopiiate animals w^eie saciificed and examined foi 
changes m bone length, soft-tissue change, and roentgenogiaphic and micioscopic appeai- 
ance of the treated extiemity 

2 Soft-tissue injury following laige dosages of diatheimj'- show^ed a geneial coiielation 
to the applied voltage, but sufficient vaiiation in reaction i esulted to make accuiate dosage 
impossible undei the conditions of the expeiiment 

3 When moderate soft-tissue injuiy ivas pi esent immediately aftei exposuie to eithei 
short- w^ave oi miciowave ladiation, the subsequent effect on bone giowth — shoitemng, 
deformity, paitial oi complete epiphyseal destiuction, et ceteia — did not always paiallel 
the extent of the soft-tissue injuiy 

4 An unusual sequela to miciowave bum was chaiacteiized bj^ extensile bone ib- 
soiption and lesulting flail extremit}'' 


VOI 31 A NO 3 JULX 1040 



500 


G S WISE, B CASTLEMAN, AND A L WATKINS 


5 In two clinical cases, extensive distuibances in bone giowth lesulted in childien 
who had received bums follomng diatheimy treatment 

6 Caution should be observed in all diathermy tieatments, they maj^ be contia 
indicated foi children 

Note The authors ivish to express their sincere appreciation for the generous cooperation receivcc 
from Joseph S Barr, M D , of the Massachusetts General Hospital, Boston, and from Kurt S Lion, D Eng 
of the Massachusetts Institute of Technology, Cambridge 
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DISCUSSION 

Unequal Growth or the Lowi ii Extremities 
{Contjynicd from pnne '/S6) 

clinical cases, some of the othci factois which might be of gie it imjioitancc, such is iclative blood flow and 
relative function of the two cxtiemitics 

Dr Walter P Blount (dosing) Di Giii n is light in obsciving th it wc must be cmtious instiphi'f 

the epiphyses of young childien Eight veils is i good aibitian figure foi the low ci age limit, but variation 
in development will influence the selection of cases The ciitciia aie appi oximatclj the same as those fof 
bone operations on the feet in childien It is mechanicalb difficult to get the staples to hold in the soft boni 
and cartilage cap of young childien Occasionallj caiR stajiling is desnable At am age, close observation 
at frequent intervals is necessaij The joungci the child, the moie likelihood of extrusion of the stapf' 
This complication should be noted and collected before angulai oi lineai dcfoiinitv lesults 

Dr White’s lemarks may have injected two eiioneous imjncssions Two jcais is not an absolute hnii 
on the time that staples may be left 171 sttii That is an aibitiarj peiiod, established at Dr Phennster s ^6 
gestion when stapling was begun We aie now leaving stajiles in much longei without untoward results 
safe period will be established only hy continued obseivation, and will be icpoited at a later date Certain 
three or four yeais is peimissible 111 most cases 

Dr White will find, after fuithei expenence with the method, that it is almost easiei m young chi 
to place the staples bhndlj' than by diiect vision The caitilage cap is so laigc and the lateral 
the epiphyseal plate are so expanded that diiect vision implies thick flap dissection The palpable con 0 ^^^ 
are sufficiently accurate to be used as guides, if checked with anteiopostciioi and lateial loentgenogra^^^^ 
Exposure of the actual epiphyseal plate m young childien would lend to damage of the giowth 
time of lemoval of the staples In oldei childieli, it makes no diffcience whethei the plate is ®TOsed 
Theie is no disci epancy about the impaling of soft paits An 3 fascial 01 aponeuiotic layere tha 
must be divided in the diiection of then fibeis and leti acted The peiiosteum and caitdage do no 
and ma 3 '^ safely be impaled b 3 " the staples Di White is light that the inseition must be very nccura c 
practice and with biplane loentgcnogiaphic contiol, this is not difficult 

FHl journal 01 nOM AND JOlM 


CONSERVATIVE TREATMENT OF FUNCTIONAL DISORDERS 
OF THE FEET IN THE ADOLESCENT AND ADULT 

131 I{ PLVTO SCH^\ VRTZ, jr D , AND ARTHUR L HEATH, B S , ROCHESTER, NEW A ORIv 

From The Department of Surgery, Division of Orthopaedics, 

The University of Rochester School of Medicine and Dentistry, Rochester 

The follo\\mg lemaiks 'will be limited to the conseivative tieatment of complaints of 
the human foot Anj’’ eainest appioach to these matteis includes awareness that some 
feet lemain fiee fiom common ailments This emphasizes the piesence of intrinsic and 
extiinsic influences ivliich piotect these feet fiom pain and disability in childhood and 
adult life Within the scope of these influences has long been sought the formula foi 
pievention and cuie of the common ailments of the human foot 

These effoits aie deep in time Despite the multiphcitj’^ of thoiough investigations, 
pi esent-da 3 "^ complaints aie the same as those which pievailed m 1819, when light and 
left shoes veie an innovation It is for these leasons that this subject is again undei 
seiious consideiation Avaieness of the long backgiound and lespect for accumulated 
obseivations fostei some doubt as to the possibility foi the expiession of oiigmal thought 
on this subject 

This presentation is based on the succession of events involved in the stance phase 
of the step This is assumed to be a logical basis, because the common complaints i elated 
to the feet aie piovoked bj'' and associated with the inherent and envii onmental condi- 
tions vhich aie i elated to its functional requiiements, as expressed in standing and walk- 
ing Theiefoie, a concept of peitment pimciples governing foot function takes piecedence 
ovei the details of theiapeutic pioceduies 

Any fundamental appioach to the solution of common complaints of and lelated to 
the foot lequnes consideiation of the follorang points 

1 Function This includes the functional significance of ceitain osteo-aiticulai lela- 
tionships, functional limitations of the extiinsic muscles of the foot, and the functional 
lole of the osteo-articulai lelationships in the contiol of pionation 

2 Pronation Clinical evidence indicates that stiong extnnsic muscles do not assuie 
piotection against pronation, but that severe pionation in childhood can be slgnlficantl^ 
dimimshed by the effective application of the pimciples stated in Wolff’s Ian 

3 Pleasure Relationships Thiough lecoided piessures on the plantai suiface oi the 
foot, a corielation will be established between the location of most fiequent complaints 
and the maximum work done b 3 '- the foot m wallang 

4 Shoe-to-Foot Relationships A study of these lelationships shows nh 3 ’^ the applica- 
tion of pimciples piactised by Hugh Owen Thomas is effective m lehevmg ceitam com- 
plaints lelated to the foie pait of the foot Refeience mil be made to the pievaihng dis- 
parity between the pimciples of foot function and the chaiacteiistics of the shoes m 
which the 3 '^ must do then woik ovei a peiiod of many yeais 

It becomes evident that we aie to deal with vaiiables of those clinical pioblems 
most frequently seen The anatomical definitions of function have suggested a simp'e 
and direct explanation of the cause and tieatment of such common complaints Hovevei 
time and an examination of laige numbers of these stiuctuies den 3 '^ such assumed legulai- 
ity The mheient vaiiables unite to form a structuial unit which seives the function of 
locomotion The feet have, theiefoie, m common vith other structuies, a lange of vaiia- 
tions mthm the classification of noimal 

When seiious attention is diiected to the function of the extnnsic muscles of the 
foot, as necessai 3 ’^ foi executio^i^^f ^^jStanpe pljfisc. oLtlTii'SSi&nal step, ve lecognize the 
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Fig 1-A Fig 1-B Fig 1-C 

Fig 1-A The axis of w cight-beanng through the calcaneus is ±1 5 centimeters lateral to that of the 
tibia (Reproduced, b\ permission, from The Phiisiothcrapii Renew, 16 -tS, 1936 ) 

Figs 1-B and 1-C The calcaneocuboid lock cITcctivelj pievents pronation of the fore part of the foot 
^^hen the calcaneus is held m alignment with the weight-bearing axis of the tibia 


limitations of definitions fiom the anatomical laboi atones It is fiom this single sourc 
that concepts of muscle function ongmated These vie\ts, lesulting from dissections o 
lifeless feet, weie piesented to explain the cause of and to define the lesouices availabl 
foi lelief of common ailments of the feet Although such infoimation iias the initia 
requiiement foi the full development of gioss anatomy, it vas only a pait of the piemi'i 
lequiied foi the pievention and tieatment of clinical pioblems It seemed clear, theie 
foie, that the lemaindei of the piemise could not be defined vithout a method of qu^D 
titative analysis by which the functional chaiacteiistics of the foot in the stance plia‘*( 
of the step could be i evealed 

Thus fai, an effoit has been made to sepaiate ceitain theoiies based on gioss anatonw 
and then limitations wdien they aie applied to those clinical pioblems of the feet wh'fl' 
have been common to successive geneiations One of the oldest of these pioblems is tlia^ 
of pionation It is difficult to find in the hteiatuie evidence to suppoit the claims made 
for the tieatment of this condition, as lecommended in cuiient textbooks 

The functional chaiacteiistics of the osteo-ai ticulai stiuctuies involved in pionatioa 
should, theiefoie, be leview ed In a pievious communication the authois called attention 
to the tibia as a weight-beaiing column wnth the calcaneus semng as its foundation 
(Fig 1-A) The axis of weigh t-beai mg of the foundation is ±1 5 centimeteis lateral k 
that of the tibia The mechanism of pionation lequiies that the top of the axis of tie 
calcaneus move medially tow'aid the axis of the tibia 

Undei those influences which maintain a pai allel alignment betw'een the axis of t in 
calcaneus and that of the tibia, the full lange of pionation of the foie pait of the oo 
does not take place (Figs 2-A and 2-B) 

A patient (Figs 3-A and 3-B) had suffeied a compound, comminuted fiactuie o ^ 
light femur, in the distal thud, complicated bj'' complete severance of the sciatic 
foui and one-half j^ais befoie these illustiations wmie made Foi iieaily foui years a 
healing of the fiactuie, he wmlked unaided b}’- apparatus, wnthout the developmen ^ 
an}*- pionation of the right foot The gait recoid (Fig 4- A) show^s that he expressed esse ^ 
tiall}'^ normal chaiacteiistics in respective feet, as compared wuth the gait lecor 
normal individual (Fig 4-B) 

Till JOUnNAI oi iioxr vxd joint so 
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'riic absence of pionalion ni the light foot pievailed on the basis of osteo-aiticulai 
lelationships which mamtamed a paiallel between the axis of the tibia and that of the 
calc mens In Ihis position, the inteilocking mechanism of the calcaneocuboid joint 
(Figs 1-B ind 1-C) clTeclively seivcd its function, it stabilized the foie pait of the foot 
on the heel Mso, Ihe left fool of this patient is m good alignment, pionation is not a piob- 
lem in siuh i foot The skeletal chaiactciistics of these feet, thus designed by natuie, are 
functionnllv efficient, noimal alignment is mamtamed betw'een foot and leg, independent 
of functions of intiinsic and cxtimsic muscles of the toot 

Allot hci point of view is nioie commonty expiessed, but laiely with convincing sup- 
poitne eiidence It has long been stated that pionation is due to weak muscles Exeicises 
to mcieise the stiength of muscles aie, theiefoie, piesciibed Such a concept emphasizes 
onlv the stiength of muscles, it fails to include consideiation for the sequence and duia- 
tion of contiaction of muscles which must be leflexly cooidinated foi noimal human 
locomotion 

Theie is still anothei omission The piemise that pionation is due to muscle weakness 
is not lealistic as to the minimum expression of muscle contiaction in standing It is foi 
this leasoii that m stance the feet have been legaided as “sinking into position” 



Fig 2-A Fig 2-B 


Fig 2-A Structurally normal male feet show pronation under the influence of w eight-bearmg 
Fig 2-B Parallel alignment between tibia and calcaneus is re-established through the use of 
heel cups w ith medial elevation 



Fig 3-A Fig 3-B 


Foui and one-half years after compound, commmuted fiacture of the right femur and seveiaiiLc 
of the right sciatic nerve (not repaired), this patient stands and w alks wuth freedom from pronation 
The strong calcaneocuboid lock maintams parallel alignment of the right foot and leg in the c om- 
plete absence of muscle function 
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Fic 1- V 


Patient with sevcicd light sciatic noi vt show^ little t\ idcncc of function il limitation, four }ean) 
after accident iSec Figs 3- V and 3-B ) 
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Fig 5-C Fig 5-D 


Foul jears of ballet training resulted in exceptional muscle strength and eooidination Marked 
pionatioii in stance (Fig 5-A) is lemovcd \ilieii the child stands on hei toes (Fig 5-B), due to leflex 
contraction of postenoi tibial muscles Well-developed muscles do not pi ovidc pi otection agamst 
pioiiatioii 111 the thoughtless, reflex act of walking (Figs 6-C and 5-D) Duimg standing and walk- 
ing, pionatioii is more maiked m left foot than m right 

Aftei the child had had foui yeais ot ballet dancing, hei mothei became concerned 
about a painless left hallux valgus Bilateial pionation was noted (Fig 5-A) It was 
woise on the left when standing, when walking, theie was no less pionation of eithei foot 
\Mien she stood on hei toes (Fig 5-B), the chaiacteiistic moiphologj'^ of pionated feet 
was eiased on each side In the lattei position the postenoi tibial muscle was leflexly 
conti acted, in contiast with such functional lequiiement of the postenoi tibial in the 
ait of standing and walking 

This patient is an exception in only one lespect All nme-jxai-old giils have not 
piactised ballet dancing foi loui yeais Despite the unusual stiength and eooidination of 
muscles which she had thus acquiied, she did have significant bilateial pionation Ob- 
sei vation ot such combined lelationships is fiequent m daiB-^ clinical expenence Theiefoie 
it seems cleai that the time has come to discaid an assumption which has been legaided 
as a fact Pi evading evidence does not suppoit the view that pionation is due to wxak 
muscles 

Pionation will pi ex ail in childhood whenexei the functional chaiacteiistics of skeletal 
stiuctuies favoi its piesence, even though the extiinsic muscles ot the foot aie of noimal 
stiength A degiee of pionation lequiimg tieatment m childhood calls foi application 
of Wolff’s law, as illustiated bj'^ the following case 

Fhotogiaphs weie taken of a bojq aged twelve years, aftei fixe xxais of tieatment 
(Fig 6-A) Conxxntional metal plates had been used in an unsuccessful effoit to leliexe 
pain in and lefeiied to the feet Duimg this time, physical actixities had been lestiicted 
by discomfort to a lexxl fai below noimal His pionation was xxoise on the light and was 
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Fig 6- a Fig 6-B 

Fig 6- A Five jears of tieatment with metal plates had failed to relieve cither pronation or 
associated sjmptoms in this twelvc-3eai-old boj 

Fig 6-B Mamtenance of parallel alignment of the a\cs of the tibia and calcaneus was accom- 
plished through the use of shoes At sixteen 3 cars of age, the patient was able to stand and walk 
barefooted without significant pionation, and was complctch sj mptom-fiee 

accompanied the appeaiance of abnoimal ph3'sical and functional chaiactenstics 
Tieatment ovei a peiiod of foui jmais was limited to the use of shoes which maintained 
a parallel between the axis of the calcaneus and that of the tibia At sixteen j^ears of age, 
this patient stood and walked baiefooted without pionation of the left foot and with onh 
slight pionation of the light foot (Fig G-B) While attaining this end-iesult, he became 
svmptom-fiee 

In the fiist case, the patient was piotected fiom pionation b^^ inheient functional 
chaiacteiibtics of the osteo-aiticulai stiuctuie, despite the total loss of sensoiy and motor 
function below the level of the light knee In the second case, the patient had seiere 
bilateial pionation, despite unusually well-developed stiength and coordination of m 
tiinsic and extiinsic muscles In the thud case, unusuallj’’ se^ele pionation and accom 
panMng phvsical and functional limitations had been unsuccessfull}’’ tieated b}' the U'f 
of metal plates o^el a five-3'eai peiiocl Application of the piinciples desciibed heiein 
lesulted in the peimanent lealignment of the osteo-ai (iculai lelationships of the foot and 
leg, with accompanving fieedom fiom symptoms 

The emphasis given to the lelationship of the calcaneus to the tibia is not inten e 
to implj'- that all clinical pioblems can be effectivelj’’ alienated meielj" bj" le-establishing 
parallel alignment between these two 1 elated units of the foot The endence indicate', 
howevei, that le-establishment of such paiallel alignment does much to leheie s3'mptoni 
which ma3^ be associated w ith pi onation . 

Theie should be little disagieement with the statement that the metataisophalangea 
aiea of the foot is the site of most fiequent complaints b3'' adults Volumes haie been 



Fig 7 

Three frames from a 16-millimeter film, exposed at 270 frames pei second, leveal the e ec 
of the anterior heel as a fulcium for the foie part of the foot 
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Oscillographic recoids show limited function of thud and fiist metatarsal heads 



Improvement m function of the fore pait of the foot is associated with the bilateral application 
of the anteiior heel Note smoother flow of pressuies throughout step 


iMitten legaiding the cause and tieatment of “a fallen tiansteise arch” Less lead's 
igieement is found, howevei, in the definition of cause, and foi this reason theie is no 
eadily accepted treatment Plantai callosities, thinning of the plantai fat pad, limitation 
n the range of plantai flexion of the lessei toes, particulail}’- the second and third, with oi 
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witliout buniontv, hallux Aalgus, and comb, aic commonly associated Avith complaints of 
discomfoit al tins leAcl These aie flic expiession of stiuctiiial changes, due to mal- 
iiiflueiiccs A\hich liaAO been long and lepeatedly imposed upon the foot 

These inal-mflucnces aie due in laige measuie to a common cause In certain m- 
blaiicpb, Ihe beginning of (loiilile is diiedly lel.iled lo a paiticulai pan of shoes In feet 
iiliich pieseni i niulfiplK iIa of these stiuciuial changes and functional limitations, tlieie 
lb cAidencc of (he h iiin imposed by bhoes OA'ei a longei peiiod of time 

Eaih' in the nineteenth centui 3 % shoes to fit light and left feet weie consideied an 
innoAation, in maiked contiast to the piactice pieAmiling then of using shoes interchange- 
ibl\ E\imuiation of the hteiatuie, howcA'ei, indicates that this peiiod maiks the ledis- 
co\eiA of this pi utice, which “ is a fashion of most lemote antiquitj’-”^ Whethei a 
shoe w lb made lo lit eilhei fool oi an indiA'idual foot, howeA''ei, aimilable hteiatuie on the 
biibjecl empliasizes the picialence of coins, calluses, and foot defoimities attiibutable to 
mal'filting footweai Todaiq tiiese common ailments of the feet, due to shoes, aie still 
with us 

At picsent, theie is no geneialh'' accepted pioceduie by ivhich childien can assuiedly 
cbcape the difficulties expeiienced then paients It was moie than thiee-quaiteis of a 
centuij’’ befoie the making of shoes in pans became an established piactice Since then, 
achieAemenls in mass pioduction hai'e been lemaikable and the quality of shoes has 
attained high standai ds, but the clinical pi oblems associated lAuth feet wmrlang in shoes 
ai e still pi esent 

Among those conceined with the pi oblems of shoemaking, theie is geneial agieement 
on one point Regaidless of the quality of matenal and w oikmanship, a shoe is no better 
than the last oAei which it is made Such a point of Anew is of long standing In 1889, 
T S Ellis stated that the clothing of the foot ought to confoim to its functions To attain 
this objectiA'e, his consideiations of the shoe began AAuth the lecommendation that “the 
form of boot-lasts coiiespond in shape to that of feet in action”^ HoAA'-evei, theie has 
been essentiall}'’ no change in the ait of last-making, the shape is detei mined by many 
factois othei than the piesen^ation of foot function 

It is foi these leasons that we can account foi the heteiogeneous vaiiety of deAuces 
used in an effort to soh^e the pi oblems of plantar callosities, coins, et ceteia They are 
essentiall}'^ the same as those which hai'^e been applied, wath A^arying degiees of effective- 
ness, foi decades Among these, peisonal expeiience has demonstiated the effectiveness 
of the anteiioi heel, as used bj" Hugh Owen Thomas When piopeib'^ applied, it is fie- 
quentty effectwe in leheAung pain fiom plantai callosities at the metataisophalangeal level, 
and assists passnm and active exeicises to re-establish plantai flexion at the metatai- 
sophalangeal joints, which is so essential to the functional AA'ell-being of the foie pait of 
the foot 

The anteiioi heel (Fig 7) piovides a fulcium OAmi Aihich the metataisal phalanges 
are plantai -flexed Two chmeal advantages result Fust is the lapid relief of sj^mptoms, 
Avhich is moie consistent than fiom any othei single mechanism used for relief of discom- 
fort originating in the metataisal area Second is the prolonged effect Avhich frequently 
results from its tempoiaiy use Patients often find that the use of such altered shoes foi a 
varying period, accompanied bj^ passive and actiAm exercises, results in sufficient lestoia- 
tion of comfort, so that they can occasional^ use unaltered shoes without discomfort 

The record of quantitatiAm anaWsis, shoAAung the gait of a patient prior to the appli- 
cation of the anteiioi heel, is presented (Fig 8- A) It is eAudent that the third and fiist 
metatarsal heads aie not pei forming their normal function smooth^ and rhj'^thmicall}^ 
Because of the pain m laige callosities centering OA’^ei the thud metatarsal heads, the pres- 
sui es ai e Ioaa" and uneA'^en Pi opulsion fi om the gi eat toe is chai acteiized by a sudden sharp 
use and decline FolloAAung application of the anterior heel (Fig 8-B), both records and 
summation analysis curA^e fFig 9) show a moie neaiW noimal functional pattern These 
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changes in function neie accompanied b3’- complete freedom fiom symptoms, and eight 
months latei the callosities neie absent 

The inheient weaknesses of the human foot have long been recogmzed Its potenti.il 
st length and methods foi best utilizing pi evading stiuctuial advantages have not received 
equal consideration As long as mfoimation is diaivn only fiom visual observation of the 
In mg foot and fiom anatomical studies of the static stiuctuie, we shall fail to reach a maxi 
mum undei standing of the requiiements of the human foot foi its most efficient function 
mg Until lecoided evidence capable of quantitative measuiement and inteipretation is 
moie wudel}’- applied, theiap3q both conseivative and opeiative must continue to be in 
stituted and evaluated empii icall3'’ This is pai ticulai 13'’ ti lie in the structurally normal foot 
w Inch IS dependent upon consei vative ti eatment foi the alleviation of pain and fatigue and 
foi the lestoiation of functional efficienc3'^ 

Tiaditional methods of ti eatment lean heavil3’' upon "collective” shoes and theaddi 
tion of pads, insoles, lifts, et ceteia to conventionall3'- designed footweai The character 
istics of conventional footw eai and the collective devices emplo3’'ed in treatment aie based 
upon a stud3'- of the foot at lest Witliin the scope of these lesoiuces, the foot is subjected 
to an infinite vaiiet3’’ of influences, which aie the lesult of opposing theories of shoe design 
and of theiapeutic measuies 

Until the function of the foot and the lequiiements best suited to piesenung itsfunc 
tion have been thoioughl3’- evaluated on a quantitative basis, such contioveisial methods 
must pievail, wutli the lecuiience in successive geneiations of the same complaints related 
to the feet We have piesented heie some lesults of the clinical application of mstrumenta 
tion designed speciflcalty to piovide a quantitative definition of the functional requiie 
ments of the human foot m action It is oui hope that the application of quantitative 
measuiement to the stud3’’ of these pioblems ma3’- ultimatel3’' lead to the moie certain pre 
x ention and the effective tieatment of common complaints of the human foot at work 

SUMMARV 

Pionation in childhood is an expression of deficienc3’’ in the function of the intimsic 
osteo-aiticulai stiuctuies of the foot B3’’ application of the piinciples of Wolff’s Ian 
pionation ma3^ be gieatl3’’ impioved oi entiieh’’ eliminated bx the time the child is sixteen 
In both children and adults, the pieseixmtioii of function of the iiitnnsic and extrinsic 
stiuctuies essential to noimal stance and locomotion is lequued foi maximum efficiencx 
and greatest freedom fiom discomfoit The shoes in xxhicli feet must xxoik constitute the 
major cause of these pioblems common to successix e geneiations Excellence in qualitx of 
footweai cannot assure that the feet xxill be free from functional impaiiment The striic 
tuial and functional relationship betxveen foot and shoe is deteimmed b 3 ’' the last oxer 
xxhich the shoe is made The design of lasts has been deteimmed b3’' a combination o 
empiiical influences, xxuthout benefit of measui ements necessai3’^ for the pieseix^ation o 
lunction of the mtiinsic and extrinsic stiuctuies essential to efficiencx’’ and comfort >0 
stance and locomotion 

Full understanding of the needs of the human foot in action awaits the further ap 
plication of measuiement to the study of foot d3mamics Pioxmd piinciples can t cn 
replace opinion m the design of shoe lasts and in the application of theiapeutic measure' 
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From Child) cn's Hospital, Los Angeles 

The phiase “tibial toision” has become the commonly accepted teim to desciibe any 
(wist 01 lotation of the tibia on its longitudinal axis The teim has been used in connection 
with the lotation which fiequentlj^ accompanies club-foot, and to explain the crippling 
lesults of 1 eductions which fail to secuie piopei toisional alignment in fractuies of both 
bones of the leg No emphasis has been placed upon the developmental changes w^hich pio- 
duce an external lotation of 20 degiees m the noimal tibia, oi upon the functional and 
cosmetic handicaps which lesult wdien this lotation fails to take place In adult life, the 
pigeon-toed gait often pioduces a psj'^chological disability Theie are no leports available 
to show' eithei the peicentage of vaiiations in toisional alignment m the population, or the 
toisional changes which ma}' be expected duiing the giow'th peiiod Without an undei- 
standmg of these factois, the pioblem of collection is difficult to approach satisfactorih' 

METHODS OF MEASUREMENT 

Tibial toision maj' be defined as any twisting of the tibia on its longitudinal axis which 
produces a change m alignment of the planes of motion of the pioximal and distal aiticula- 
tions The knee and ankle function essentiallj' as hinge joints The authois have elected, as 
the base position foi measuring toisional vaiiations, that position in which the planes of 
motion aie paiallel Tw'o types of lotational abei ration aie then possible, — internal and 
exteinal Internal toision is present when the lotation is in the direction of the medial mal- 
leolus, and external torsion, when it is in the direction of the lateral malleolus For record- 
ing purposes, the authois have designated the base measuiement as zero (0) degrees, m- 
teinal torsion as minus ( — ) the number of degrees and external rotation as plus (-H) the 
numbei of degiees 

The accuiate measurement of toision piesents certain difficulties m the living subject, 
but may be readily ascertained on the skeletal specimen by means of the tiopometer The 
longitudinal axis of the tibia is located halfway betw'een the centeis of the condylar aiticu- 
lating sui faces proximally, and the malleoli distally If a steel pm is passed thiough the 
proximal articulation paiallel to a line diawm thiough the centeis of the articulating sui- 
faces, and another pm is passed through the distal aiticulatmg aiea paiallel to a line be- 
tween the centers of the malleoli, one may visualize the axis of motion of the joints When 
the specimen is held so that the pioximal aiticulation faces the observer, the torsion present 
may be observed by looking along the longitudinal axis of the bone (Fig 1) The tiopom- 
etei IS used to measuie this lotation in degiees The bone is held in the tiopometei by a 
pm, inserted into the distal end of the bone The pm through the proximal ai ticulation is 
fixed to the vertical standaid A pi oti actor, placed directly beneath the distal pm, permits 
one to ascertain the number of degrees of rotation (Fig 2) Oui most accurate measure- 
ments weie obtained m this manner 

Approximate measurements can be obtained m the adult patient by the use of a roent- 
genogram The film holder is placed beneath the plantar sui faces of the feet, while the 
patient sits wuth his knees flexed to 90 degrees and with the medial bordeis of his feet 
‘ parallel to the medial bordeis of his thighs When the exposure is made wuth the tube 
above the knees, the roentgen i ays are nearly parallel to the longitudinal axis of the tibia 
and cast an image of the malleoli and feet upon the film A line drawm along the medial 
border of the roentgenographic shadows of the bony structures of the foot will be approxi- 

* This study wus made possible by the M J Connell Research Fund 


\OL 31 A NO 3 JULY 1949 



)12 


C G HUl r^R, JR , AND ’rt ALILR bcorr 



Fic 1 Fir 2 

Fig 1 Pins inserted thiough the 'll ticul II i\cs of i noi mil tilin to show c\tcinal torsion 
Fig 2 Model demonstrates the method of obt lining tiopomctric measurements 


mate]\ at a light angle to the aiticulai axis of the 
knee The angle foimecl b'\ the intei section of this 
line with anothei line cliawn between the malleolar 
shadows when siibtiacted fiom 90 degiees, willgne 
the mcasuiement of tibial toision in degiees (Fig^ 
4-C and -l-D) 

This method could not be applied to voung 
thildien, ioi then caitilaginoiis epiphj^ses cast no 
satisfacton loentgenogiaphic image Theiefoie, a 
paste, composed of bismuth subcaibonate and col 
lodion, w as apjihed to the skin o\ ei the point of maw 
mum palpable piojection of the malleoli, in older to 
demonstiate then location This technique, i' 
not entiieh satisfacton cleaily demonstiated t e 
extiemes of lotation m some of the cluldien exaniin 
In the majoiity of instances, toision was esi 
mated on the basis of ph 3 sical examination aoa^^ 
The child sat m fiont of the exammei, with theknK 
flexed to a light angle The exammei placed is 
hand beneath the popliteal aiea, suppoitmg the patient’s foot fiom piessuie 
flooi , w hile he plac ed the thumb of his i ight hand on one malleolus and the index 
the othei Then, by looking dowm the longitudinal axis of the tibia, he could estinia 
numbei of degiees of tibial toision (Fig 3) This was found to be the most prac i 
method of measuiement 



I ir 3 

jMethod cnijiloipd 
Sion cbnicalh 


to evaluatp toi- 


The Adult Tibia 

Befoie an 3 " consideiation could be given to toisional alteiations duimg 
peiiod, it was necessai 3 '^ to establish the noimal oi a^ eiage stiuctuial pictuie o 
tibia Since the knee and ankle act as hinge joints, one wmuld expect them to 
efficientl 3 ’’ wdien then planes of motion w'^eie paiallel The authois’ measiiiemen 
show' this to be the case 
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Data weiG obtained fiom tiopometiic measiii ements of tibiae fiom foity adult 
skeletons ■* Twent }'- 1 ight tibiae ei e measiii ed, and the results wei e as follows +32, +24, 
+ 16, +40, +11, +28, +36, +14, +34, +30, —4, +21, +14, +28, +18, +22, +34, 
+ 18, +14, and +12 degiees The aveiage Avas +22 1 degiees 

Twenty left tibne weie measuied, with the following lesults +29, +13, +27, +18, 
+35, +22, +8, +15, +17, +14, -9, +26, +16, +12, +31, +23, +31, +17, +25, 
and +27 degiees The aveiage w'as +19 8 degiees 

The aAeiage of the light and left tibiae combined was +20 9 degiees 
These measni ements coiioboiate the findings of Le Damany, wdio measuied 100 
tibiae and found that fifty light tibiae aveiaged +25 degiees of toision, while the fifty 
left aveiaged +22 degiees, wuth a combined aveiage of +23 degiees He also measuied 
five light and eight left tibiae of specimens fiom a piehistoiic age w+en shoes w^eie un- 
know n, and found that the aveiage toi sion w'as +25 degiees The five right tibiae measuied 
+30 degi ees, w hile the eight left measuied +22 degiees Shoes have appaiently played no 
pait in the development of e\teinal tibial toision Fiom these data it may be concluded 
that the noimal tibia will exhibit about 20 degiees of external torsion 

Two bundled adults weie examined in oidei to deteimme the incidence of mteinal 
toision m the adult population Of 100 w'omen examined, 5 pei cent show^ed mteinal 
toision, 2 pel cent showed it to a degiee seveie enough to cause difficulties in ivalking 
Of 100 males examined, 3 pei cent exhibited mteinal toision, Avhile 1 pei cent had a 
pigeon-toed gait sufficient to cause psychological sensitivity 

Because mteinal toision is common among the Japanese, the authois examined fifty 
adults of Japanese extraction, wdio had been m the United States Thiee of these, or 6 
pel cent , had mteinal toision This peicentage was not gieatly diffeient from that ob- 
tained m the 100 adult Ameiicans examined, howcvei, of eight Japanese who had spent 
then childhood m Japan, all showed mteinal tibial toision Such a deformity could be 
expected in Japan, if lotational sti esses play'’ any'^ pait in abnoimal tibial development, 
foi the Japanese have few chans and sit upon the flooi, with then legs folded undei them 
and then feet tinned mw'aid, dnectly beneath the buttocks Such a postuie for seveial 
hours a day, with the supei incumbent weight of the body'- pioducing an mteinal toision 
on the tibia, can scaicely be ignoied as a factoi in pioducing a torsional defoimity' 

TORSIONAL CHANGES DURING THE GROWTH PERIOD 

The mean oi aveiage tibial toision is 20 degiees The authois beliei'^e that a vaiiation 
of 20 degiees — that is, any' measuiement fiom 0 to +40 degiees — -is consistent with noimal 
appeal ance and function Theiefoie, only' those cases w ith internal toision (toision measui- 
mg a minus number of degiees by this method) weie consideied to be abnoimal Likeivise, 
only subjects w'lth seveie exteinal toision (toision of moie than 40 degiees) w'eie consideied 
to be abnoimal 

Intra-Utenne Period 

During the mtra-uteiine peiiod of glow th, theie is an mw aid lotation of the legs of 90 
degiees, as they appioach then final position The limb buds develop at right angles to 
the trunk and then extend in a lateial dnection The knee joints aie developed iihile 
in a flexed position, and the plantar sui faces of the feet face the tiunk As they' descend 
on the trunk, the legs lotate 90 degiees internally', so that the knees face anteriorly and 
the plantai suifaces of the feet point in a posteiioi dnection The legs usually lemain 
in a flexed position until aftei birth Tiopometiic measuiement of these cartilaginous 
bones is difficult One nine-month stillboin child was measuied, and w'as found to have 
0 and —5 degrees of lotation of the right and left tibiae, lespectively' Le Damany measured 

* No attempt was made to determme the sex of the mdmdual skeletons 
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five infants at biith and found the average to be +4 degrees foi the group These figures 
indicate that the infant has veiy little tibial toision at birth 



Fic 4-B ^ compcD 

Compensation for mternal-toi'Siou dcfoimity by e\teinil rotation of the knees (left) Ivon co 
sated position which childien usually assume (light) 
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Fig 4-C Fig 4-D 

Fig 4-C Rocntgenogrums show internal torsion of —10 degiees on the right and —18 degrees on 
the left 

Fig 4-D RoLiitgcnograms demonstrate c\ternal lotation of 4-13 degiees on the right and -t-12 
degicis on the left 


The Fust Yea I 

Tropometiic examination of infants was almost impossible One deceased infant, aged 
ti\elve months, showed -|-18 degrees on the light tibia and +12 degiees on the left 
Estimation of the toision by other methods ivas found to be too inaccurate for the purposes 
of this study 

The Second Yea) 

Fifty noimal infants, all in then second year, were examined clinically Thirty pei 
tent walked with the toes turned inward, and on clinical examination showed no evidence 
of external torsion One child displayed 15 degiees of inteinal toision, bilateially Thiity- 
four children walked with their feet pointed straight ahead oi turned slightly outward 
One child showed consideiable lelaxation of the ligamentous structures of the feet, and 
about 35 degrees of external rotation None of the fifty children showed any evidence of 
metatarsus varus or other abnormalities of the feet or legs 

The Period from Five to Seven and One-Half Yea) s 

In order to corroboiate oi lefute the widespread opinion that all toisional defoimities 
aie coriected spontaneously, appi oximately 1,500 school children in Los Angeles weie 
examined The schools in which this suivey was earned out were m aieas representing an 
economic cross section of the city, and did not include any childien who foi some stiuc- 
tural deformity had been leferied to special coirective classes Ten pei cent of the 192 
boys, who weie fiom five to seven and one-half yeais of age, showed internal tibial torsion 
One half of these, or 5 per cent , had severe deformities Of 186 giils m the same age gioiip, 
8 5 per cent showed internal tibial torsion 

The Period f) oni the Twelfth to the Fourteenth Yeai 

Four bundled boys weie examined, 8 pei cent of whom showed internal tibial torsion, 
of the 400 gills examined, 9 per cent had internal torsion 

It IS recalled that about 4 per cent of the adults examined showed some internal 
torsion, and that m the group aged five to seven and one-half 5 '^ears, a 9 pei cent incidence 
was found If we assume that the greatest eiror in measurement is made m jmung children, 
and that adaptive changes have made the condition less striking m the adult, it would 
appeal that lelatively little coi recti on of the internally rotated tibia takes place aftei the 
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age of seven In othei words, Avhatever torsion is piesent m a seven-year-old child mil 
probably still be present when he becomes an adult 


CLINICAL APPLICATION 

In this suivey, approximately 1 pei cent of the adult population demonstrated a 
serious degiee of internal toision, indicating that about one million people in the United 



Fig 6-A Fig 6-B 

Tlbial toisioii in a child, tiio and oue-hali 3'ears old 
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States may be affected Because of both the psychological and the functional handicaps 
which this condition has pi oduced in some of the adults examined, it is appai ent that oi tho- 
pacdic suigcons should be moie conceined Avith these defoimities and should institute col- 
lective measuics eail}’^ in the foimative yeais These defoimities aie moie sti iking among 
women, foi thej^ aie accentuated by high heels and exposed legs The case history of one 
such woman is lepoited 

\. white woman, twcnty-stvtn icai'b old, had bLCii awaic of dcfoinnty of her legs since adolescence, 
she consideicd hoi pigcon-tocd gut to be the result of bowed legs The deformity was a handicap both 
psj^hologicalb and plpsically She had suffciod no seiious childhood diseases oi deficiencies, and her 
familj had been assuied b^ then plpsician that she would outgiow hei toed-in gait Examination of the 
lowei extremities icvcalcd no bowing, but seveie intoinal toision She could stand with hei feet paiallel 
onlj by turning hei knees outwaid (Figs 4- A and 4-B) Roentgenogiams of the legs levealed noimal bone 
structure The inteinal toision, measuied on the loeiitgenogiam, was —18 degrees on the left tibia and —10 
degrees on the right (Figs 4-C and 4-D) 

Appioximatel}'^ eighty childien weie tieated by the authois foi mteinal toision In 
each case the paients ueie conceined with the toed-m position of the feet while the child 
was walking In many cases, the mothei volunteeied the mfoimation that the child w^as in 
the habit of sleeping upon the abdomen wnth the feet tuined inw'aid, and wnth the lowei 
extiemities flexed at the hip and knee Some thought that this might have contiibuted to 
the defoimity (Figs 5-A and 5-B) Occasionally, the toision was accompanied by meta 
taisus vaius oi bowing of the lowei thud of the tibia, but m most cases it was the only 
deformity piesent (Figs 6- A and 6-B) 

Two childien had exteinal toision One, seven yeais of age, had seveie knock-knee 
and external toision He was in the habit of sitting on his legs, wuth the knees flexed 
and with the feet exteinall 3 ’’ lotated, so that the medial boidei of the foot lested upon the 
flooi Standing, with the feet tuined oiitw^aid to 90 degiees, he wns able to flex the knees 
stiaight foi waul The othei patient wns a bo}^ of sixteen who, at thiiteen yeais of age, 
had suffeied a fiactuied spine and paiaplegia Piioi to the injuiy, he had had no defoimit 3 



Fig 7-A Fig 7-B 

Severe external torsion produced by gravity and piessure of bedclothes on legs of a grow mg para^ 
plegic child 
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of the legs, but after three yeais of recumbency, with gravity and bedclothes forcing his 
legs into external rotation, a seveie defoimity had developed (Figs 7-A and 7-B) Perhaps 
the same deforming forces which produced such extreme external toision in this paraplegic 
plaj’- a part in the production of external torsion in the noimal mdnidual 

TREATMENT 

In the past, some surgeons have tieated tibial toision by osteotomies' ’ •> 5 7 s 
Others have emploj^ed deiotation exercises vhich the parents peifoim at home, or hare 
applied a v edge on the outer borders of the soles of the shoes, but foi the most pait, treat 
ment of this lathei common entitj'' has been ignored Six 3 '-eais ago, one ot us (W S) in 
stituted a simple and effective treatment which consists of having a child weai a modified 
Denis Browne splint during the sleeping houis Shoes are attached to the foot plates, and 
the plates are fastened in a toed-out diiection of 20 degrees at first, and are slowdy adjusted 
until thej'- point outwaid as much as 45 degiees in seveie cases The length of the bar used 
to separate the feet has been reduced to six inches to prevent the possibility of the develop- 
ment of knock-knee 

The most frequent comment bj’’ the parent at the end of four to six weeks Is that, the 
child appears to walk much more noi malty This noticeable impiovement, however, ante 
cedes actual anatomical collection b}'' foui to six months The authors discontinue use of 
the splint before all of the correction has occuiied, allowing foi final compensatory changes 
in the subsequent growth period 


CONCLUSIONS 


1 The normal adult tibia exhibits about 20 degiees of exteinal toision 

2 Extieme-) of tibial toision, internal 01 external, if permitted to persist, produce 
handicapped membeis of oui adult society’’ 

3 Infants and pi e-school-age children have less external rotation than adults 

4 Xoimal developmental changes do not collect extiemes of toision to anj' gre^t 
extent, espuialh m school-age childien 

5 Po’^itions and other attitudes of posture will pioduce lotational changes m the 
tibiae, depending upon the diiection of the lotaij’’ stress applied 

6 Collection of these defoimities is possible in the growth period bj’’ the application 

of a simple night splint which produces a lotalional stress in a direction opposite to that 
of the defer mit\ , 

7 Deformities which are present at thiee j’eais of age 01 older should be correc 
at that age, j’oungei childien with torsional defoimitv should be observed m order 
deteimine w’hat c ompensatoi v changes maj'- occtii 
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K^iANISM 


OF THE STRUCTURAL CHANGES IN SCOLIOSIS * 


}n A.LVrN M VUKIN, AI D , NEW lORK, N A 


F)om the Orthopaedic Services of Mount Sinai Hospital ** 
and Bellevue Hospital fi New York City 


Stiuctuial scoliosis niav be dehiied as that foim of lateial curvature of the spine 
which IS accompanied by the development of w'edging and defoimation of the veitebrae 
It should be diffeientiated fiom functional scoliosis, which is not accompanied by verte- 
bial wedging oi defoimation This papei wall attempt to describe the mechanism of devel- 
opment of the sti uclwal changes in scoliosis 

Ceitain facts in the clinical behavioi of scoliosis aie notewoithy Wedging and defoi- 
mation of the veitebiae aie noted only in curvatuies which begin before growth is com- 
pletiv'These changes do not develop m an adult, they stop piogiessmg w’’hen growdh 
stbps These facts suggest that a deformity which can occiii and progiess only during 
the peiiod of giowth must be i elated to epiphyseal growth This w^as also suggested by 
Volkmann and b}”- Bisgaid and Musselman, wdio believed that wedgmg is due only to 
asymnietiical Aeitebial giowdh In the lepoit 
of the Reseaich Committee of The Ameiican 
Oithopaedic Association, a numbei of clinicians 
suppoited the view that “cuivatuie is the le- 
sult of a giowth distuibance at the epiphyseal 
plate of the veitebiae, possibly related to an 
osteochondiitic piocess oi to epiphyseal trauma 
with an associated deficiencj’’, eitliei metabolic 
01 dietaiy” 

Moieover, tj'-pical "idiopathic ” stiuctuial scoliosis does not occur m quadiupeds, and 
it has been noted that bed rest may halt the progress of such scoliosis m children In over 
thirty cases in w^hich the condition w'^as advancing, Cobb kept the children in bed for 
twenty-two hours per day Except in one case, no progress w^as noted after thiee months 
This suggests the familiai concept that the pressuie of weight-beaimg m the upiight posi- 
tion may be important 

The lelationship between pressure and epiphyseal giowdh has been mentioned by 
vaiious authors, including Appleton, Huetei, and Volkmann Haas showed that compres- 
sion of an epiphyseal plate by a wme wall arrest giowTh (Fig 1-A), the ware itself wuthout 
compiession has no effect (Fig 1-B) Giowdh is lesiimed aftei the piessure has been 
1 emoved 

With these factois m mind, the mechanics of a scoliotic cuive can be consideied Fig- 
uie 2 leveals that, m cuivatuies of the spine, theie must be compiession of the veitebral 
bodies on the concave side of the cuive and distinction on the convex side, caused bj^ the 
action of giavitational foices m the eiect position This is also indicated b 5 ’' the naiiowung 
of the mteiveitebial disc on the concave side and its expansion on the convex side in the 
loentgenogiam of a scoliotic spine (Fig 3) 

The tremendous magnitude which this piessure ma}’- assume can be leahzed fiom a 
diagiam of the foices acting upon the veitebral bodj'- (Fig 5) Let x lepiesent the distance 
peipendiculaily fiom the line of centei of giavity to the neaiest edge of the disc Let y 
lepiesent the distance fiom the pivot point oi fulcium (cornei of the bodv) to the ligament 

* Read before the Oithopaedic Section, New York Academj of Medicine, Maj 1948, and at the \nnual 
Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Rlinois, January 26, 1949 

** 11 K I ippmann, M D , Director 

t \rthui Iviida, M D , Director 




Fig 1-\ 

No giowth Giow'th 

Haas’s expenmuit 
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01 suppoitmg btiuctuie on the convex side of the CUM c A simphhed diagiamof sue i 

tionship IS shovn in Figuie G Let us assume that the seated hguie veighs fift}’’ 

Then the pioduct of foice times distance equals the pioduct of foice times distance ( ^ 
equals 250 X 1), and the weight on the fulcium ivill equal 300 pounds Hence tlie^iCo^ 
concentiated on this small section of the epiphysis wull equal (if w lepieseiits sup 


1C a 


cumbent ’weight) w plus — 


the ceiih* 


In cases wheie the lateial displacement of the apex ot the cuive fioni 
line of giavit}’- is equivalent to five oi six veitcbial diameteis (and this is not m 
the iveight concentiated upon this small coinei of the epiphysis may be six oi sei 
the total supei incumbent weight Heie, then, is tiemendous compicssion 
upon a veiy small section of the gi owing epiphyseal plate, — appaientl}^ '^^^tebiaclia*'^' 


the giowTh in height on the concave side and to lead to the t3^pical wedged vei e 
teiistic of the apex of a scoliotic cuive 'Wedging can be explained by unilateia 
giowdh aiiest, a compaiison of Figuies 3 and 4 wall show^ that the same 
piession, applied aftei giowdh is completed, does not cause w^edgmg ^^j^giing=‘ 
epiphj’-seal lings on the concave side (Fig IS) indicates a similai effect, since 
subject to the same piessuie as aie the epiphyseal plates 
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Line of G.Av.t> 


Fic 6 

1 {( pu spntiil 1011 of foicos in Fig; 5 


Fig 5 

Foices acting on an apical vciicbia in 
scoliosis 

(This IS an appio\imation, and not 

i quantitative e\piession of the foices 

icting upon the epiphj’’sis It does not 

take into account the soft-tissue tension 

01 the lesistance to sti etching on the 

convex side of the cuive, which has the 

effect of mci easing the distance y and 

diramishmg the v eight on the fulcium 

Foi example, examination of a specimen 

of a scoliotic spine at the New Yoik 

Umveisity College of Medicine levealed 

maiked hypertiophy of the mtertian<f- 

veise ligament on the convex side Cei- . 

, ° fiom above 

tainly y is equal to moi e than one vei te- 

bial diametei in this case Neithei does it take into account the suppoitive effect of im- 
pingement of libs and pelvis on the concave side, and the resistance of the rib cage to 
defoimation Moieovei, the shaip coinei of the veitebial bodj'^ is soon flattened off bj'- the 
inhibition of giowth, and a pi ogi essively laigei aiea of the bod}'- acts as a fulcium and 
suppoits the supei incumbent weight, thus diminishing the load pei unit of aiea ) 

Examination of a tj^pical veitebia as seen fiom above (Fig 7) shows that the noimal 
spine may be consideied to be suppoited at foui points, denoted by A, B,C, and D Lateial 
bending m the noimal spine may be consideied to take place thiough the axis A-D If 
suppoit A IS depressed bj’- the mechanism desciibed, then lateial bending wall take place 
thiough the axis B-D Hence the concavity of the cuii'e is diiected anteiioily as well as 
latei ally, pi oducmg the A-yp/ioscohosis seen clinically 

A simple model may be constiucted to lepioduce these conditions A set of oidmaiy 
wooden blocks (m this case, a child’s building blocks) aie taken to lepiesent a senes of 
veitebiae An uppei and a lowei coinei of each is shaved dowm to lepiesent veitebial 
wedging (Fig 8) Tw o veitical holes aie dulled m each, as shown, to leceive the coid which 
binds them togethei The coid should have slack enough to allow a little play betw een the 
blocks If the column of blocks is bent lateially tow aid the intact side, as show n m Figuie 
9, puie lateial deviation will occui If the column is bent toward the wedged side, anteio- 
lateial deviation occui s, the equivalent of a kyphoscoliosis (Fig 10) 



Fig 7 

Diagiammatic repiesentation of veitebiae, as seen 


ROTATION 

If the wedged apposing sui faces aielubiicated with soap toiepiesent the shppervmtei- 
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Constiuetion of model Lateral deviation to the intact side 



Fig 10 

Anterolateral deviation to the wedged side 


Fig 11 

Convex-side lotation vith veitical compressio 


vertebial disc, and the column is corapiessed veiticallj’" (Fig 11), conve\-si e 
peais, e\actl3" as it is seen clinicallj’- The leason foi this is immediatel}'’ lateral' 

veitebial body undei compiession acts exactlj'- like a iiedge and is squeeze ,n 

when piessuie is applied (Fig 12) This can be seen roentgenogiaphica y, 
childien, although in adult specimens the ovei lapped veitebiae may bui gteind 

tiess to meet the adjacent oveihang That this is a passive piocess is in accoi 
lei’s obseivation that "no muscle can shift a veitebial body m ^ j-oss the one 

Some of the lotation occuis by the actual lotation of a veitebial o y 
adjacent (between the mdividual bodies), although this is limited y 
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ligaments and especially by the limited exclusion of the posteiioi joints Much of the lota- 
tion occuis by plastic toisional deformation of growth within the individual veitebiae, 
igainst the lesistance of the posteiioi ai ticulations The mteinal structuie of the body fol- 
lows accuiately the lines of foice occuiimg in a stiuctuie such as that shown m Figuie 2 
(The toisional defoimation of the middle of the cuive against the ends should also be taken 
into consideiation ) The bodies at the apex of the cuive aie subjected to mteinal plastic 
defoimation, analogous to that seen vhen a giape is expelled from its skin The bodies at 
the uppei and lovei ends of the cuive show defoimation m lesponse to the lines of force 
which aie oblique to then veitical axes, leading to the foimation of the “oblique” oi 

“quadiilateial” vertebiae found m this 
location 

This plastic defoimation ceases 
when epiphj’^seal giowth ceases Hence 
one ma}'- postulate that it is pi oduced by 
an oblique oi sideways deflection of 

luhncHt^d 

Slipper 


Fig 13 

Rotation in an apical vertebra, as 
Aetion of a w edge under compression seen from above 

grow'th b}'’ the pressure forces at the epiphyseal legion It is suggested that the slow defoi- 
mation m shppmg of the capital femoral epiphysis is pi oduced similaily The deflection 
of the newdy formed juxta-epiphyseal bone may be considered as analogous to the deflec- 
tion of streams of watei, issumg fiom pipes at right angles to a movmg stream In both 
cases, the deflection is m the diiection of the sidew^ays force Appleton has reported similar 
piessure-mduced deformations of grownng bone m the experimental animal Further ob- 
servations on this mechanism mil be reported by the author in a subsequent ai ticle 

In a diagrammatic representation of a wedged apical vertebra as seen from above * 
' (Fig 13), the body is squeezed over or deflected to the convex side of the spinal curvature 
It IS known that no muscles act upon the body to distort it m this fashion, and that this 
passive plastic deformation m the direction of increasmg rotation about the facets is the 
result of the wedge action described here However, the spmous process is also deviated, — 
toward the concave side of the curvature This cannot be the lesult of wedgmg, since it is 
not 'W’^edged and is not m contact with any other spmous process The deformation must 
I be the result of forces m soft tissue, since onl 3 ’- soft tissues are m contact wnth the spmous 
process Moreover, this deformation is m the direction of increasmg rotation, hence there 
/ must be some muscular oi ligamentous component of rotation 

In Figure 14, the dots represent the tips of the spmous processes in a scohotic spine 
. The hne connectmg these dots represents the interspmous and supraspinous hgaments 

* The transverse processes are not shown, as their deformation has been desenbed previousl> bj 
1 Stemdler 
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Fig 14 Pig 15 Pig 10 Fig 17 

Fig 14 Extension of a curved line 
Fig 15 Recurvatuie of the ends of a cui VC 
Fig 16 Fig 15 aftei development of compensatory ciiives 
Fig 17 Anteroposterior cuives of a normal spine 


AYhen these ligaments aie put iindei tension (in a kyphoscoliosis), they tend to stiaigliten 
out the cuive, as shoyn The long spinal muscles on each side of these ligaments mil also 
tend to sti aighton out undei tension Thus the spinous pi ocesscs m the middle of the ciine 
will be deviated to the concatity of the cuive, nhilc the bodies lemain in then foimer 
position, lesulting in convex-side lotation The muscle contiibution to lotation is similar 
to the action of the i ubbei bands in the model desci ibed by Rogeis These y eie tense (aad 
hence jnelded convex-side lotation) in both flexion and extension of the model Lovett 'i 
m 1905, found that side bending in excised spines v as associated mth convex-side lotatioa 
(same diiection as in Figuie 13) onh' in flexion, v hen the inteispinous ligaments aieten'^ 
It is this mechanism nhich accounts foi the small amount of rotation seen m n" 
y edged post-thoiacoplasty scoliosis, but the impoitance of this mechanism in the piotiiif 
tion of lotation is lelativelv small, compaied to the impoitance of y edging (Figs 3 andl) 


The Development of Compensatoiij Cwves 

In scohosis y ith a single majoi cuive (Fig 15), the ends of the cuivatuie aie bent bad 
01 lecui ved, due to the attempt of the patient to level off his pelvis and head The vertebra 
bodies in this legioii aie unyedged at fiist, hence these compensatoiy cuives are hir"" 
tional, not stiuctuial 

It yull be noted in a loentgeiiogiam of a scoliotic spine that, as the spine begins k 
lecuive, the discs begin to be compiessed on the opposite side of the bodies and on 
cave side of the ney cuive (Fig 15, d and/) Picssuie is thus falling on the comers of 
bodies at/, disti action is piesent at d This majr lead to inhibition of giowth 
yedgmg of the veitebia and conveision of the “functional” compensatoiy cuive mo 
“stiuctiiial” cuive , 

The fiist 01 mam cuive need not be stiuctuial (wedged) in oidei to initiate t e 
velopment of a functional countei cuive Manjr puiely functional cuives have func 
countei cuives ydiich have developed concuiientlj'- They have nevei deviated siiino 
fiom the weight-beaimg line to cause wedging, and these well-compensated cuno® 


usually static and do not piogiess to a stiuctuial scohosis 
Steindlei noted that, wdien stiuctuial scohosis is aiiested 


spontaneously, it is 

and JOINT 
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n ifui il (knclopmcnl of componsat oi y cuivos His compensation tieatmentis designed to 
ud the development ol this piocess, which, ol couibe, ib the piincipal means of conection 
111 all methods of tieatment, since, as fai as is known, the wedged apical vertebiae cannot 
bo collected He stated “That a spine well compensated by the development of a triple 
scoliosis, well aligned, will maintain its balance undei favoiable conditions is a mattei of 
almost dail}’’ e\peiience” 

Figiiic 16 demonstiates w^liy this is successful A factoi deteimimng the amount of 
weight acting upon the coinei of the veitebial body, as showm eaihei, is the a distance 
Compensation diminishes this distance and thus diminishes the compiession of the epiph- 
ysis Haas show'ed that giowdh w'as lesumed wdien compiession had been lemoved, 
hence with both sides of the epiphysis 
glowing, the defoimit 3 '^ does not piogiess 

Rissei mentioned the lelationship be- 
tween piessuie and epiph 3 '^seal giowth 
(“Huetei-Volkmann’s epiph 3 '^seal piessuie 
lule”), and used this piinciple to induce 
the foimation of stiuctuial compensatoi 3 '^ 
cuives He noted that, by foicibb'- recuiv- 
mg the ends of the scoliotic curve m a 
piaster jacket foi a piolonged period of 
time, he could produce wedgmg of the 
veitebiae (at point / in Figure 16) He 
suggested that this w'as due to inhibition of 
giowdh b 3 '’ the pressure pioduced by the 
plaster jacket The rationale for the value 
of the flexion position recommended by 
Risser wall shoi tly become obvious 

One moie point lemams to be made 
Figuie 17 show's the anteioposteiior cuives 
of the normal spine In the cervical and 
lumbar regions, the normal lordosis re- 
lieves the anteiioi portions of these regions 
(the bodies) fiom pait of the supei in- 
cumbent w'eight, throwang it moie upon 
the posteiioi articular facets This explains 
w'hy the region from approximately the 
second thoracic to the second lumbai 
veitebra is the danger zone for the development of w'edging The ceivical veitebiae aie 
piactically nevei wedged The lumbar veitebiae aie only paitialb' piotected, due to the 
greater supermeumbent weight they carry (and due also to the forw'aid displacement of 
the Ime of giavity in low' thoracic k 3 '-phoscoliosis) They aie sufficient^' piotected, how'- 
ever, so that they laiely become w'edged, despite the frequency of functional cuives due to 
inequalit 5 ' of limb length Steindler quotes Schulthess's statistics, wdnch show' that the vast 
majority of curves have then apices between the thud thoiacic and the second lumbai 
vertebiae Of this numbei, 11 7 per cent occui at the fiist and second lumbai, the pie- 
disposmg condition being the habitual attitude of flat back “If, on the other hand, he 
succeeds in compensating his anteroposteiioi curve b 3 ' developing a lound hollow back, 
then his spine is comparatively safe against lateral deviation ” 

Hence, w'hen the v distance (Fig 17) is increased by habitual postuial k 3 'phosis, ex- 
cessive w'eight is thiow'u upon the thoracic veitebral bodies Tins is more ei'enli' dis- 
' tributed, and nevei of the order of magnitude of the excessive compression in scoliosis 
It IS suggested that the epiph 3 'seal rings, which appear at about the fourteenth 3 'ear of 
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life, aie compiessed b}'' this mechanism (see the effect of piessuie in Figiiie 18), leading to 
“veitebial epiphysitis” oi adolescent kj^phosis, which the authoi consideis to be a pres 
suie-induced giowth distuibance Stemdlei stated that Man, desciibmg the microscopic 
findings in veitebial epiphysitis, found no leal ossification piocess 

Anothei possible factoi, that of mci eased supeimcumbent weight, was piobabli 
opeiatmg in the cases desciibed by Viichow, iilio, accoidmg to Stemdlei, “found this 
condition in the Austiahan negioes, iiho fiom then earlj’^ adolescence aie in the habit of 
caii3ung eights upon then shouldeis, oi of pulling caits -with forwaid flexed tiunk” 


DISCUSSION 


It has been shonn lion a functional, non-n edged cuive can piogiess into a fixed 
stiuctuial scoliosis Although a discussion of the etiologj’’ of the piecedmg functional curve 
IS not within the scope of this papei, it maj*- be assumed that the initiating cause of the 
functional cuixm, m some cases at least, maj'- continue to contiibute to the stiuctuial scolio- 
sis n Inch follon s 


Functional cuix'’es maj'^ be dixuded into tno gioiips In one gioup theie is a known 
causative factoi, m the othei, the cause is consideied obscuie These lattei aie iisualb 
labeled as idiopathic or habitual, thej'^ aie extiemelj'^ fiequent, almost unweisal, and the 
multitudmous discussions of the etiological significance m then causation of sitting and 
standmg postuie, iight-handedness, attachment of the diaphiagm, pieponderance of right 
thoiacic cunms, et ceteia, aie veil known 

In the fiist gioup, the initiating cause of the displacement is cleai In this gioup fall 
the congenital anomalies, and those following pohom3’-chtis and emp3’-ema Congenital 
anomalies, such as liemiveitebiae oi oblique fifth lumbai xeitebia in the lovei lumbar 
legion, do not u^-ually lead to stiuctuial scoliosis, foi the leasons outlined eaihei In the 
thoiacic legion fhe3'^ ma3’- oi ma3’- not piogiess, depending upon vhethei the compensating 
cun es aic acute enough to keep the distance fiom the v cight-beaiing line vitliin the criti 
cal hmit Poliomyelitis x\ itli its attendant muscle changes can pioduce a functional curve 
This IS quite likel3’- to pi ogi ess, because the natui al pi ocess of compensation is handicapped 
by muscle abnoimalitics, and so stiuctuial scoliosis is lelatnmly fiequent It is also apt 
to be seveie when it becomes stiuctuial, because of the difficult3’’ of establishing compensa 
toiy cuives and because of the lack of muscle suppoit on the convex side, which deciease': 
the effective y distance Theie is piobabl3'' no diiect effect on the epiph3'^sis fiom the 
poliomyelitic infection Weie this so, a bilateial complete liiink paiab'sis would have a 
bilateial epiphx^seal aiiest with lesultant seveie k3q5hosis This does not occin 

Emp3mma and thoi neoplasty fuinish an obvious mechanism foi ciiivatines The i 
feiences m t3'-pes of scoliosis developing after onset in childhood and adult life have been 
pointed out It is not stiictl3" tiuc that theie is no wedging in cuixms beginning aftei tie 
age of sixteen Some slight wedging ma3’’ occui, due to aiiest of giowth of the iings, np ® 
the age of tw ent3'^-fixm, xxhen the3^ unite with the rest of the veitebial bod3'^ (Fig 18) 
Ifdiatevei the cause of the functional cuive, as soon as it has piodiiced a deviatm^ 
exceeding a ceitam critical value, the factois desciibed m this papei come into plaj 
the spine has embaiked on the coiiise of epiphyseal compiession and stiuctuial 
It IS possible that such factois as lapidity of giowTli, heiedity, and sex, and pathologic‘s 
piocesses, such as iickets, may modify the quantitatix’-e lelationship between piessuie* 


giowdh aiiest ^ 

Obviously the best treatment is pieveiition, by collecting postiual devia^^^^^’ 
whethei m the anteioposteiioi oi the lateial plane, oi both, befoie they piogiess to s 
tuial changes In a seveie cuive, plastei jackets and biaces cannot completely le le 
epiphysis of the piessuie induced bj’- the supeimcumbent weight, tiemendoiisly mu ^ 
as it IS b3^ the mechanical aiiangement which obtains Recumbenc3q of couise, lem 
supeimcumbent weight complete^" A combination of these two methods (jac 
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iccumbciicv) M ould seem to offei tlic bcttei piospect of successful consei vative treatment 

SUMMARl 

1 The veitebial defoimation of stiuctuial scoliosis can be explained by an as 3 '^m- 
metiical distuibance of epiplij’^seal giowtli bj'- piessuie 

2 "Veitebial epipli 3 '^sitis ” is a i elated lesion 
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DISCUSSION 

Dr Henry F Ullrich, Baltimore, Mari land Aside from agreeing on the spelling of the word 
“scoliosis”, I believe that those of us who treat curvatures agree on but one othei point, — that is, that 
scoliosis is a deformitj of the growth period and, therefoie, is intimately i elated to epiphyseal growth and 
activit 3 ' Be 3 mnd that point, espcciallj' in the field of mechanics of the deformity, one is apt to w ander into 
theoretical consideiations, draw conclusions fiom them, and apply those conclusions to the living, growing 
spine, where they are not strictly applicable because other factors aie present In dealing with this complex 
deformity, let us alwajs keep in mind the fundamental diffeiences between facts and opinions, and let us 
remember that opinions ma 3 ' become facts if substantiated b 3 coriect, accurate, and controlled observation 
That there is tremendous asymmetrical pressure on epiphyseal plates cannot be denied, but there must 
be other factors to provoke this asymmetrical pull and to initiate this unilateral increase in compression force 
We do not know' how much pressure is required to pioduce the effects that Di Arkin has described Concern- 
ing rotation, I believe the spine does not behave as a square cross section, or even as a cylindneal cross sec- 
tion, but that the neutral axis of each vertebial body is different at each level, and, because of this, different 
mechanical forces act on different vertebrae Foi example, the forces acting on the first thoracic vertebra arc 
entirely different from the forces acting on the third, fourth, fifth, or sixth thoracic vertebra 

The spine, I believe, rotates m order to accommodate itself m the easiest manner to its acquired posi- 
tion Hence, rotation is a function of curvature and vanes directlj' wath it 

Most of us now have abandoned the concept that a compensatory curve, no matter how seveie, will 
straighten, once the deforming tilt has been lemoved bj' jacket coirection or other means Especiall 3 in a 
growang individual, this occurs up to the ability of the spine to straighten wathin the limits of the structuial 
changes present, and little, if an} , be} ond that After the grow th period has passed, balance and correction — 
but not beyond the point of the spine included in a fusion area — are factors to keep in mind, in order that a 
reverse deformity may not be produced 

I sincerely hope that Dr Arkin’s essa} will provoke more sound tlunkmg regarding scoliosis, especialh 
with respect to the piimary factors involved in producing curves of unknowai etiolog} 

Dr Joseph C Risser, Pasadena, California Dr Arkin’s paper is ver} timel} He refers to a law of 
bone grow th that is recognized infrequentl} In 1862, after w ork and dissection on the foot, Hueter con- 
cluded that wherever there was not direct apposition of joint cartilaginous surfaces in the growang individual, 
there was an increase in the growth of epiph}seal bone 3 olkmann, in 1882, clarified that law and applied if 
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to scoliosis The impoi taiice of Huetci-Volkmaim’s epiphyseal picssuic lulc in glow mg hone is illusfnted In 
slides 

The first slide shows a tuberculous spine in a nine-yeai-old boj', wath destruction m the mfenor portion 
of the fiist lumbai veitebra The typical tuberculous destruction, wuth hazy translucence over the entire area 
and naiiowang of the intei veitebial space, may be seen Fusion w^as accomplished ovei the diseased area and 
included one joint above Two years later, the disease was arrested by virtue of immobilization, leaving a 
residual bone defect in the inferior poition of the first lumbar vertebra Three years later, after continued 
vertebial giowth, loentgenogiams show'cd that the veitebial body just below the area of destruction had 
growm upward into the defect, illustiating the contention made by Hueter 

The same principle is illustiated m another nine-ycar-old boy, who had a thoracic curvature of the 
spine The thoracic area had been fused previously, leaving a residual thoracic curve without compensation 
m the lumbar area, and causing a list in the direction of the thoracic curve In ordei to overcome this d^ 
foi nuty, the spine w as bent mai kedl}’ against the thoi acic curve, creating a sharp compensatory curve in the 
thoiacolumbar area, just below the thoiacic fusion This permitted a marked separation of the vertebral 
bodies at the thoiacolumbar aiea, creating a compensatory convexity on this side Fusion was then carried 
down to include tw^o vertebrae m this compensatory curve Four ymars later, with rapid vertebral grondh, 
the vertebral bodies had bmlt up into the space created by' the bending of the thoracolumbar curve, again 
illustrating Hueter- Volkmann’s epiphyseal pressure rule 

In another nme-y'ear-old boy, w ho had not only a lateral curve but also some w edging of the thoracic 
vertebrae, fusion w as carried throughout the thoracic area follow'ing correction of his lateral curvature Four 
years latei, there was a very' solid fusion and the wedged vertebrae had actually built up, so that, instead of 
being wedged anterioily', the vertebrae wcic relatively' normal in shape The slides and illustrations show the 
effect of pressure and release of pressuie upon joint cartilaginous sui faces or upon rapidly growing epiphi ^eal 
areas Such epiphyseal areas aie not only vulnerable to piessurc, but become more vulnerable when there b 
any' lack of mtegrity' of the growing bone, as illustrated by epiphyseal fragmentation 

A gill of thirteen years had a latei al cuivatuic with the apex at the first lumbar vertebra In the lateral 
view , marked epiphy'seal fragmentation and wedging were noted at the first lumbar and the adjacent vert^ 
brae This young lady' had a low basal-metabolic latc, which suggests a lack of essential bone-building ma 
teiials Theiefore, w e see that not only' aie mechanical factors involved in the control of growth of bone, but 
also factors influencing bone physiology' 

Apical vertebi d rotation is a concomitant pait of latcial deviation Rotation is dependent upon the 
relation of the segments oi vertebral bodies in the spinal column In the lumbai region, contact between 
veitebnl bodies at the posterior articulations is moiecccentiically located than in the upper portions of the 
spine BeciU'e of this eccentiic relationship, the lumbar vcitcbral bodies will rotate earlier In the thoracic 
spine, the ciint n ts aie less eccentiically placed and lotation, thcrtfoic, is a latei development in lateral cur 
vature Ihe initial change in the upper thoiacic aiea is manifested earlier m wedging than m rotation Thi; 
was specificallv mentioned by Dr Ulliich 

It is impoitant to deteimine the completion of veitebral giowth, this cannot be ascertained by lawso 
averages, but must be determined phy'siologically' foi each individual The best phy'siological sign we ha'C 
found is the development of the iliac apophy'sis This development ajipaieiitly takes place about the timeo 
completion of grow th of the epiphyseal plate of the vertebral body It is difficult to deteimine the completion 
of growth of these vertebial plates, or epiphy'seal plates of the veitebial bodies, but very' easy to determine 
the development of the iliac apopliy'sis Theiefore, as a phy'siological sign, the development of theihacapop ' 
sis IS a reliable method of detei mining cessation of vertebral giow th , 

This IS shown clearly' in a girl of fouitcen (Slide) Ten years latei, we notice the same amount o 
formity (Shde) The giowth of the iliac apophy'sis had been completed at the age of fourteen, indiea i c 
cessation of vertebral growth and a static condition of the latcial cuivatuie 


Dr Alvin M Arkin (closing) I think Dr Risser, Di Ulliich, and I all agiee that the structural 
changes yyere due to giow'th aiiest lesulting from picssuic , 

Dr Risser’s apt illustiation of the lumbar veitebrac, iii which he pioduced welgmg by' a plaster 
veiy appropriate A"ou will remembei that the line of gravity usually protects these lumbar vertebrae i ^ 

IS a lumbar lordosis, and I suggest this is the reason Dr Risser likes to use a flexion jacket, so tliat he ca^ 
the w'eight on these bodies, stop giowth on one side and allow it on the othei, and thereby' pro 
"edging 

The rotation m the lumbar spine, fiee of wedge defoimity, is slight compared to that 
mg IS present This is due to the action of the tight ligaments and muscles (not pathologically tight; 

IS noimally present m the ligaments and muscles in the posterioi legions of the spine These struc ur 
tension, cause lotation of the middle of the cuive against its ends 


JOINT soucr'' 


TIID JOURNAI or nONE ANH 



this: P nHOLOGY OF NEURAL-ARCH DEFECTS 

\ Disslciion Study 

in Mvtjinci n nocuu, m d , st louis, Missouri 

/ nim till Dcpailiiicnh of Smqery and Anatomy, Washmylon Uiavctstly 
School of Medicine, St Louis 

In tile iitci ituio, (he etiology of spondyloschisis has been asciibed to diyeigent causes, 
but in paiticulai to tiauina If (he latlei theoij'^ is held to be acceptable, then theie are 
cei tain facts y Inch must be i econciled y itli it, — such os the existence of multiple anomalies 
yliicli nnohe not onh the pais inteiaiticulans, but also the lamina and the ligamentum 
llaa um In oidei to claiify (his mattci and to establish these facts, the following dissection 
study IS piesented 

Acute tiaumitic spondyloschisis (fiactuies thiough the paites mteiaiticulaies on 
both sides) do occui, and may occui m a noimal spine fiee from anomalies If diagnosis is 
made in such cases at the time of injiin , and if suitable protection is pioyided, bony union 
results 

The specimen foi this dissection studj'^ was obtained fiom the cadayer (No C17) of a 
white male, fortj'-foui yeais old Roentgenogiaphic studies had preyiously leyealed bi- 
lateial defects m the neuial arch of the fifth lumbai yei tebia and a spondylolisthesis That 
portion of the low ei back w heie these lesions w eie located, and the associated structuies — 
the last four piesacial segments and the sacium — were lemoyed from the cadavei 

Following the lemoyal of the oyeiljung musculatuie, the elements of the posteiior 
segments of each lumbai yeitebra were exposed These included the spinous piocesses, 
the laminae, the paites mteiaiticulaies, and the ai ticulations betiveen the aiticular proc- 
esses (the interyeitebral joints), togethei with then associated ligaments All the laminae 
weie then yiewed as duiing a lammectom 3 '’ oi a spine fusion, and thej'" appealed supei- 
ficiallj’' to be of equal size and inclination The isthmi oi partes mterai ticulai es (teims to 
be used mtei changeabljO of all the yertebiae except those of the fifth lumbai iveie at a 
somewhat deeper (oi more anteiioi) level than weie the laminae, and their inclinations 
were almost directlj^ caudad-cephalad The isthmi of the fifth lumbar w'^eie moie pi emi- 
nent m comparison, being on a level with then lespective laminae, and towaid the cephalad 
direction the}'’ deviated laterall}' m a moie oblique fashion These isthmi appeared to be 
deformed, were more rounded, and w'ere nairow'er m thickness than those of the veitebiae 
above The}’’ w'ere w'ell encapsulated m a fibious sheath w'hich seemed to be a part of the 
ligamentum fla’vum, as well as continuous w'lth the capsules of the intervertebral joints 
above and below 

N cw al-Ai ch Defect on the Right Side 

The outstanding finding w as that accessoiy ligaments, not hypeitiophy, w eie demon- 
strated in the ligamentum flavum 

The ligamentum flavum betw'een the laminae of thefouith and fifth lumbai vertebrae 
on the light appealed to foim a squaie (Fig 1) In the medial uppei quadrant, a modified 
lound ligament aiose sepaiately from the surface Fiom thence it inclined obliquely and 
caudad, terminating in the medial aspect of the fibious encapsulation of the defective 
isthmus In the lateral uppei quadiant, a separate fan-shaped hgament w’^as seen, aiismg 
from its lelativel}’’ wide base along the caudad margin of the lamina of the fourth verte- 
bra, from there it conveiged to a thickened termination in the fibrous encapsulation of the 
isthmus, cephalad to the attachment of the othei hgament (Fig 2) The pattern of vaiia- 
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Fig 1 Fig 2 

Fig 1 bketch of the postenor obhque photograph shows the defective nght pars interarticdans of the 
fifth lumbar leitebia Compare with right postenor obhque roentgenogram of same area (Fig 10; 

1 Intervertebial joint cephalad to defect in pais interarticularis, formed by the infenor articulating 
facit of the fourtli lumbar and the supenor articulating facet of the fifth lumbar vertebra 

i Inter! erttbial joint caudad to the defect in the pars inteiarticulans, foimed by the infenor ar 
ticulatmg procc'-j of the fifth lumbar vertebra and the articulating process of the sacrum 

7 The limma of the fourth lumbar vertebra 

/ The Kinma of the fifth lumbar vertebra 

j Tht ligamentum flavum between the lanunae of the third and fourth lumbar vertebrae 

t> The ligamentum flavum between the lanunae of the fourth and fifth lumbar vertebrae in t 
hteral upper quadrant, the fan-shaped ligament is evident Medial to 6, a small plaque of bone was lou 
in the substance of the ligament The round ligament, onginating above 6, w'as detached before 
photograph was made cu „„c 

7 The detective right pars interarticularis of the fifth lumbar vertebra, ensheathed its nor 
capsule w luch is continuous with the joint capsules above and below and with the fan-shaped and ro 
ligaments 

S The supraspinous ligament 

9 The normal right pars mterarticulaiis of the fouith lumbar vertebra 


Fig 2 Sketch of the round and fan-shaped ligaments of the ligamentum flavum, adjacent to th g 

defective pars interarticularis of the fifth lumbar vertcbia 

1 The intervertebial joint cephalad to the defective pais inteiarticulans 

2 The intervertebral joint caudad to the defective pais inteiarticulans 
S The lanuna of the fourth lumbar vertebra 


4 The lanuna of the fifth lumbar vertebra , 

5 The hgamentum flavum between the lanunae of the third and fourth lumbar vertebrae 

6 The ligamentum flavum betw een the laminae of the fourth and fifth lumbar vertebrae, /rpijQ 
round and fan-shaped ligaments converging to the fibrous encapsulation of the defective pa 
sketch show s these attaclung to the distal rather than to the proximal segment of the pars ) 

7 The defective pars interarticularis, ensheathed in a fibrous capsule 
S The supraspinous ligament 


tion of this ligament was, therefoie, not that of uniform thickening thioughout 
tioph}'-)} but lathei it was chaiacteiized by the piesence of accessory ligaments ar 
f 1 om it 

The fibious sheath enclosed a cavity about the defective pars, w^hich was sepa 
fiom the joint cavit 3 ’’ above b}'’ a fibrous septum 

An incision fashioned a flap fiom the encapsulating sheath and its continui 
the joint capsules above and below (dotted line. Fig 1), this flap wms leflected 
the direction of the spinous pi ocesses (Fig 3) The ai ticulatmg facets of the lnter^ e 

axd jonw 
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I'lo 3 Fig 4 


Fig 3 Sketch of the right iiostciioi oblique photogiaph shows the fifth lumbar vertebra The fibious 
sheath has been reflected medialh toward the spinous processes, ex-posing the defective pars 

1 The reflected fibrous sheath is held back wath a pm, show ing from above dowmward the intei lor or 
synovial lining of the capsule of the intcrvcrtcbial joint, the orifice in the sheath between 1 and 8 and 
adjacent to 1, and, just lateral to it, the fibrous septum which separates the joint space above fiom the 
space about the defective pars below The latter space did not appear to have a synovial hmng 

2 The intervertebral joint cephalad to the defective pars intci ai ticulans The sketch show s, not only 
a sublu\ation of the joint (2), but also separation, the latter improyised foi the sake of clanty of detail 

3 The interyertebral joint caudad to the defective pars 

■If The lamina of the fourth lumbar vertebra 

5 The lamina of the fifth lumbar vertebra 

6 The ligamentum flaanim between the laminae of the third and fourth lumbar vertebiae 

7 The ligamentum flavum betw cen the laminae of the fourth and fifth lumbai vertebrae 

8 The defective pars mterarticulans The defect is seen at the cephalad extent of the pars, and the 
three connecting ligaments are evident, — the cephalad, the rmddle, and the caudad 

9 The supraspinous ligament 

Fig 4 Sketch of the nght posterior oblique photograph followang i emoval of the fibrous sheath about 
the defect, including the capsules of the intei vertebral joints above and below , as w ell as the fan-shaped 
ligament 

1 The intervertebral joint cephalad to the defective pars shows marked amount of subluxation 
(Again, the separation of joint surfaces is a convenience, assumed for the clanty of detail in sketching ) 

2 The intervertebral joint caudad to the defective pars There is noimal approximation of the oppos- 
ing facets 

S The lamina of the fourth lumbar vertebra 

4 The lamina of the fifth lumbar vertebra 

5 The ligamentum flavum betw'een the laminae of the thii d and fourth lumbar vertebi ae 

6 The ligamentum flavum betw een the lanunae of the fourth and fifth lumbar vertebrae, now de- 
nuded of fan-shaped and round hgaments 

7 The defective pars mterarticulans of the fifth lumbar veitebia, show'ing the segments joined by 
the cephalad, middle, and caudad ligaments 

8 The supraspinous ligament 

9 The normal pars mterarticulans of the fourth lumbar vertebra 

oint cephalad, and a fibrous septum between the joint cavity and the cavity suiioundmg 
.he defective isthmus caudad, were thereby exposed The sjmoxnal lining of the joint cavity 
nesented shallow plications adjacent to its attachments, suggesting the possibility of 
synovitis The exposed interveitebial joint disclosed a maiked subluxation, the superioi 
iiticulating facet of the fifth veitebia coveiing onlj'^ the lowei half of the infeiioi aiticulat- 
ng facet of the fouith veitebia A hypeiti opine spin piojected fiom the posteiioi aspect 
if the iim of the facet of the infeiioi aiticulatmg piocess of the fouith veitebia 
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Fig 5 Photogiaph of the posteiior aspect of the 
specimen at tht termination of dissection study 
Apparentl}% there has been a partial developmental 

um anza ion o the fiist sacial segment and a sacialization of the fiist cocc 3 'geal segment 

2 Thp K^^i right, cephalad to the defective pars 

2 Thp Inmin Hght, caudad to the defective pais 

/ Thp vertebia on the left 

eenhilnrl lumbai on the left Note the abnormal conformation of the entc 

thplpff rtfp wA”^ laminae and their pscudo-articulations ivith the pedicles Between 4 and / on 

XTvftp ni’op +V. ^^?^®*^l'°^®/''ttachment is shov n, joining the lamina \i ith the posterior aspect of the ped 
Aote ^so the absence of a pars mteiarticulaiis on the left, between 4 and 7 
„ rp. Intel aiticularis of the fouith lumbai veitebia on the right 

- mn of the fifth lumbar on the nght 

I ihe pedicle of the fifth lumbai vertcbia on the left 

, A'S ® Sketch of the posteiioi oblique photogiajih of the lammai defect of the fifth lumbai on th 
leit Compare with left postenor oblique i oentgenogram of same area (Fig 12) 

1 The intervertebral joint cephalad to the defect 

2 The intervertebral joint caudad to the defect 

3 The lamina of the fourth lumbar vertebra 

4 The lamina of the fifth lumbar vertebia 

5 The hgamentum flavum between the laminae of the thud and fouith lumbai vertebrae 
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<> 3 he liKimeiitiim flvMiin hctwceii (lie Inniinne of tlu fouith and fifth lumbai vcrttbiae 
1 3 he fibioti'i she it!i a( site of tlie pais intenuliculaiis of tiic fifth lumbni vcitcbra 
.s 3 lie supnsninous liRunent 

Tlu normil pirs infenrliciihiiis of the fouith lunibiu vcitcbia 

I'lp 7 SKetch of (he hpnmtntum fiivum botucen tlic fourth and fifth lumbar vertebrae on the left, 
showing lineir inttcins 

1 3 he interveitcbinl joint ccphalad to the defect 

2 33ie inter\crtebral joint euidad to the defeet 
? 3 ho ligament um flavum 

( The hmina of the fifth lumbai \eitcbia 
> 3‘'hc lamina of the fourth lumbar veitcbia 
t) The fibrous she it h of the defect 
7 The suprispinous Iigiment 

The fibious septum septiating the two cavities was reinfoiced along its posteiioi 
maigin In in extension of the lounded poition of the fan-shaped ligament described pie 
Mouslv The lattei tiaveised the fibious encapsulation, extended tautljc acioss the cavit}" 
as pait of the fibious septum, and vas attached to the bone of the cephalad segment of the 
isthmus The second lound ligament, which was follow'ed to the fibious encapsulation, 
tia\eised this sheath, extended tautly acioss the cavity paiallel to the ligament above, 
and was attached to bone immediatelj' adjacent to it Upon lemoval of the reflected flap 
in ioto (Fig 4), the fan-shaped ligament was found to be a continuous pait of the encapsu- 
lating sheath The defective isthmus, the aiticulatmg facets, and the ligamentum flavum 
weie now exposed 

The defect in the light pais mteiaiticulaiis was joined not by flbrocartilage, but by 
ligaments Pseudo-aiticulation was found between the pedicle and the abnoimal pi elon- 
gation of the cephalad poition of the lamina, this w-as also joined by ligaments 

The defect w as found at the uppei end of the isthmus The cephalad segment was 2 
milhmeteis in length The caudad oi lowei segment measuied 1 2 centimeters There w'as 
a 3-millimetei defect betw een the tw o bony segments The length of both segments includ- 
ing the defect was 17 centimeters By comparison, the length of the intact right isthmus 
of the fouith lumbai was 5 milhmeteis The defect itself w'as not filled with flbrocartilage, 
but the junction of the tw'o segments w'as well stabilized b}’' fibious ligaments Three liga- 
ments weie piesent, — a cephalad, a middle, and a caudad The cephalad and caudad liga- 
ments appealed to be non-elastic, and they extended along the respective sides of the 
defect (As noted, the defective isthmus was m an almost hoiizontal position ) The liga- 
ments weie mtimatelj" attached to both bone fragments The cephalad ligament measuied 
3 milhmeteis in width, while the caudad one — a w^ell-developed fibrous band — measured 
1 8 centimeteis m wudth The middle ligament interposed between the ends of the frag- 
ments was of equal thickness, but w^as more flexible It appeared to have been non-func- 
tional, as far as stress and stiain aie concerned A microscopic section of this ligament 
levealed adult fibrous tissue without any evidence of cai tilaginous or osteoid tissue 
Removal of the ligamentum flavum was undei taken next Within the section im- 
mediatelj" ovei the dm a, the site tiaveised in seeking a luptuied nucleus pulposus, a small, 
thin, wafei-like plaque of bone was encounteied ^^Tien the lateral extent of the hgamen- 
tum had been taken away, an abnoimal conformation of the lamina appeared (Fig 5) 
Its cephalad maigin — that poition of the lamina betw^een the base of the spinous process 
and the supeiioi aiticulatmg piocess — extended hoiizontalty to the pedicle to wRich its 
iriegulai edge (measuiing 1 5 centimeteis m wadth) was attached bj'’ intervening liga- 
mentous tissue This junction of the twm was fixed beneath and w'^as stiongty stabilized bj’’ 
the wade caudad ligament of the adjacent defective isthmus desciibed pieviously 

Newal-Aicli Defect on the Left Side 

The ligamentum flaxmm contained smgulai line patterns the lateral half was divided 
into two leaflets, the supeificial oi posteiioi leaflet piesented a lOund fibious sheath along 
its lateial maigin in place of the noimal isthmus 
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l'i(i ') Liloril ioi'n(p;(>noKii>i" 

/ llu ho(l\ of (ho fifth luinhai voitobui, showing ifs luitc'iioi chsplaccmeiit on the sacium, almost 
comi)kto (li';>i)i)oii moo of tlu intci voitohial disc heneilli, and hyputrophic spuirmg of its anterior 
sill f lor 

2 11k fiiNt sici il sogimnt, showing icnclivc sofiiosis of its iiosteiioi supenor surface, and hypei- 
( I opine Sinn ring of its mtciioi m ngin il aspect 

b Tlu (h foot hotwom tlu lainina and pedicle can he seen nnnicdiatel}^ above and to the light of 3 
1 Ik contiguous spnious proci ss show s slight postei lor displ vceineiit w ith refei ence to that of the one above 

I'lg 10 Right pos(( nor oblique io( ntgcnogiaiii (Film has bc( n levciscd ) 

1 Tin supi rioi ntioul iting piocess of the fouith lumbai vcitebra is shown just to the light of 1 

2 Tlu pirs iiitci irtioul ms of the fouilli hinibai vcrtebia 

5 Tlu inf( nor nticul iting pioocss of the fourth lumbar vcitcbia 

{ The supenor irtuul it mg pioocss of the fifth lumbai veitebra 

T The defect in the pirs nitcriHiculaiis of the fifth is seen between 4 and 5 

6 The articulation between the nifeiioi pioccss of the fifth lumbar veitebra and sacrum 


Attention was tlicn dnccterl tow aid the dissection of the defect on the left side The 
fibious shealli o\ei the defective segment of the aicli was much thmnei than that en- 
counteied on the opposite side, and was moie legiilai and diiect m alignment (Fig 6) It 
foimed a tlim, liihelike stiuctuie, extending fiom the cephalad and lateial aspects of the 
lamina of the fouith xeilebia, adjacent to the low'ei mtei vei tebi al joint, to that poition 
of the pedicle immednlel3" posterior and caudad to the mteiveitebial joint above Palpa- 
tion leAealed a softness and pliability in its mid-section On casual examination, the liga- 
mentum flavum of the involved intei space appealed as noimal as those m the intei spaces 
abox e How ex ei , closei examination rexmaled twm line patteins m its fibers, xvhich did not 
constitute sepaiate ligaments One lineai pattern aiose fiom the medial uppei quadrant 
of the membrane, extended diiectly lateialty, and teiminated at the junction of the 
lounded fibious sheath w ith the supenor aiticulating piocess, in the lateial uppei quadiant 
(Fig 7) The othei hneai pattern, oiiginating in the same focal aiea in the medial uppei 
quadiant of the membrane, swept in an obhquelj’’ cuived pattein doxxmxx^ard and lateral 
to the outei lower quandiant, affixing itself to the base of the lOunded fibrous sheath at 
its point of attachment to the lamina 

Incisions to outline the flap ox’-ei the defect xveie made in the same manner as on the 
opposite side In cutting thiough the fibious sheath, xvhich xx-^as piesumed to en- 
close a defectixm isthmus, only txxm longitudinal flaps xx’^eie pioduced rathei than the open- 
ing into an enclosuie of bon}'- isthmic defects The fibrous sheath was not an encapsulating 
stiucture at all, but lather a solid, lound modification of the more supeificial of the twm 
laj'eis constituting the lateral half of the hgamentum flavum The incision had meiely 
dixuded the full thickness into two longitudinal flaps Furthei dissection to expose the 
joint aboxm did not show any degree of subluxation The synovial lining xvas not remaik- 
able The facet edges shoxved minimal hypei trophic irregularities 

Immediately deep to the divided lounded fibrous sheath xvas a cavity, indicating the 
absence of the pars mtei ai ticulai is The deep lajmi of the lateial half of the hgamentum 
flavum cox'^eied the flooi of the cavity, xvhich also included the posterioi aspect of the 
pedicle and the projecting portion of the lamina The supeificial or posterioi layei measured 
5 millimeters, and the deep or anteiioi layer, 3 milhmeteis Micioscopic section of the 
posterior laj'^er revealed areas of calcified caitilage After the hgamentum flavum had been 
completely removed, the same type of attempted articulation of the abnoimal cephalad 
pi elongation of the lamina xvith the pedicle xx'as seen, similai to that described on the right 
side, and again free of an}'^ fibrocartilage (Fig 5) The ligament deep or caudad to this 
junction xx’^as more rudimentary and elastic in appearance than xx^as that on the right side, 
and measured one centimetei in xxudth 

ROENTGENOGRA.PHIC FINDINGS 

The defect in the neuial arch is quite obxuous m the lateral xuew (Fig 9) The inter - 
I veitebral disc betxx'een the displaced bodj'^ of the fifth veitebra and the sacium has almost 
disappeared The condensation of bone and spur formation are exudent along the opposing 
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Fig 11 Fig 12 


Fig 1 1 Intel vertebral joints and associated processes, outlined on left posterior oblique roentgtno- 
gr im (Film has been rev ersed ) 

1 Supenor articulating piocess of the thud lumbai vertebia with shadow' of transvcisc proccs 
superimpost d resembling ev e and bill of a duck 

2 The pars mterarticularis (isthmus) of the tliii d lumbar vertebra, i csembling neck 

3 The infenor articulating process of the third lumbar vertebra 

Fig 12 Left postenor oblique roentgenogram (Film has been reversed ) 

1 The superior articulating process of the fourth lumbar vertebra 

2 The pars mterarticulaiis of the fourth lumbar vertebra 

^ infenor articulating process of the fourth lumbai vertebra 

4 The supenor articulating process of the fifth lumbar vertebra coi 

5 Betw een 4 and 5 is the defect created b 3 ’’ the absence of the pars inteiaiticulaiis of the ntt» 
bra on this side 


slufaces of the sacium In the right posteiioi oblique view (Fig 10), the line of defect 


faintlj'" seen acioss the involved isthmus Theie is no evidence of reactive scleiosis 


at till 


V1.4XAXUO JL XO xxvy V/ V XV_4\^iXV/Vy • - UArP 

Site of bleach in continuity, no sclerosis is evident in the lelated mteiveitebral I 

and below the defect Galluccio pointed out the "bow-tie” appeal ance of the pais I'l 
associated aiticular piocesses, as a means of oiientation m studying oblique vievs 
authoi ’s expel lence, oiientation is simplei bj’’ visualizing the shadow of the supeiioi ar 
lating piocess with its supei imposed tiansveise piocess as the bill and e 3 ^e of a 
isthmus being the neck If the neck is discontinuous oi broken, it may be conclu e 
a defect m the pars is present (Fig 11) The left posterioi oblique view (Fig 12) jjj? 
cant in this respect, since no neck is seen on the “duck” of the fifth vertebra, 
that the isthmus is absent In the piesence of this relatively great defect of bone, 
of the mteivertebial joints above and below aie fiee fiom subluxation (as sIio"n 
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ui(oioi)osIl'i K) i view, 8, !uu! in the dissection of the specimen) Thcie is evidence 

ol mictnc scleiosib and hypeiti opine lipping of the infeiioi aiticular piocefes ot the fifth 
\citebi 1 on this side, vheic it hooks ovci the aiticulating facet of the sacium 

CONCnUSlONS 

In discussing the lelatue significance of neuial-aich defects and split spinous pioc- 
esses (bifid spines), Wilhs staled "When the defect destroys the integnty of that poition 
of the boil's iich between the \ eitebial bod}'^ and the mfeiioi aiticulai piocesses as m the 
case of a bil iteially sepaiate neuial aich the condition is much moie seiious Heie Ave have 
the aiichoiagc of the spine depending mcielj' upon a fibiocartilagmous union wath liga- 
mentous and musculai suppoit ’’ Again, "Ruptuie of the S3’'nchondrosis [defect] is moie 
SCI ions than the ligamentous injui^’- which accompanies it The sepaiated bone ends are 
covered with caitilaginous material and, theicifoie, shosv no tendency to leunite ” In this 
paiticulai specimen, the defect in the isthmus on the light w'as united not b}’- fibrocai tilage, 
but bj'^ unusuallj’’ stiong fibious ligaments, and w'as ensheathed in a fibious capsule The 
isthmus on the left was completel3'^ absent, and theie was no evidence of fibiocaitilaginous 
icplacement The pseudo-ai ticulations betw'een the pedicles, and the abnormal prolonga- 
tions of the cephalad portions of the laminae, w'eie effected by ligaments and not by 
cai tilage 

Findings m this specimen weie (a) the complete absence of an isthmus on one side, 
and, on the othei side, a defective isthmus stiongly fi\ed by ligaments and three times the 
length of the noimal isthmus above, (b) the abnoimal conformations of the laminae and 
then pseudo-articulations with the pedicles, (c) the structural variations noted m the 
hgamentum flavum on each side, and (d) the associated presence of a partial develop- 
mental lumbaiization of the fiist sacial segment and a sacralization of the first coccygeal 
segment 

Note The author \nshcs to acknowledge his gratitude to Dr Mildred Trotter, Professor of Gioss Anat- 
omj , Waslungton Universitj’ School of Medicine, for her kindness in making this specimen available 

REFERENCES 

Galluccio, a C Spondylolisthesis A General Consideration with Emphasis on Radiologic Aspects 
Radiolog}^ 42 143-158, 1944 

Hitchcock, H H Spondylolisthesis Observations on Its Development, Progiession, and Genesis J Bone 
and Joint Surg , 22 1-lG, Jan 1940 

Roche, M B Bilateral Fractures of the Pars Interarticulaiis of a Lumbar Neural Arch J Bone and Joint 
Surg , 30-A 1005-1008, Oct 1948 

Willis, T A Backache from Vertebral Anomalj’^ Surg , Gynec , and Obstet , 38 658-665, 1924 


VOI 31 A NO 3 JULA 1049 



NUTRIENT ARTERIES OF THE VERTEBRAL BODIES* 

BY THEODORE A '0 ILLIS, M D , CLEVELAND, OHIO 

From the Department of Anatomy, Western Reserve University Medical School, 
and St Luke’s Hospital, Cleveland 

The venous plexus in and aiound the A'^eitebiae have been desciibed frequently, but 
little information is available conceinmg the couise of aiterial supplj'- to the vertebral 
bodies An effoit has, theiefoie, been made to deteimine this 

Patten has desciibed the foimation of the vasculai system by coalescence of blood 
pools thioughout the embrym, and the foimation of the aoita bj’’ fusion of pllmltlvedo^al 
aoitae vhich develop fiom aiteiies ai clung fiom the heait aiound each side of thepliannx 



Fig 1-A Fig 1-B 

Fig 1-A Lateial loentgenogram of a full-term foetal spinal column intli opaque the 

of the aorta A indicates the aorta, I, the intei costal aiteiy Note notching of anterior i- 

vertebral bodies and lesser densitj of the bodies in their mid-poitions The longitudinal anas 
of arteries in the neural canal is u ell shoum ntercoda' 

Fig 1-B Anteroposterior vieu of the same column after removal of the aorta I show s tlie ' 
arterj , D, the dorsal division of the arterj'- Note anastomosis of the intercostal arteries ana i 
ossification of the cartilaginous neural ring 

* Part of an address to the Alumni of the Hospital for Ruptured and Crippled and the Ho P 
Special Surgery , New York Citj", October 29, 1948 
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Fir 2-A 


Lip 2- V ^^ltIClI view of one of the thoi icic vertebrae A 
shows the aorta. /, (lie iiitcrcost il irtcij , D, the doisal division 
1, 2, and 3 arc (lie first, second, and thiid branches of the dorsal 
di\ ision Note the maiij fine artciics penetrating the peiiostcum 
and the pericliotidriiini 



Fig 2-B 


Fig 2-B Photogr iph of the iiostci lor surface of the same vertcl)i ae aftei lemoval of the nemal arches 
p IS the amput itcd jiedicle stumi), c, the veitebral centium, w, the intei vertebial-disc aiea (c and iv aie 
covered b\ the posterior spinal ligament), na, the nutrient arteries, the fiist blanches of the dorsal 
dnisioii of an intei costal or luinbai arteiy 


Each of the piimitne aoitae, befoie they fuse, gives off blanches which mark the spinal 
column into segments Aftei fusion, the paiied segmental vessels, which become intercostal 
and lumbai aiteiies, extend doisallj^ fiom the aoita and cioss the middle of the lateral 
surfaces of the veitebial bodies, one on each side The laigei element of each luns laterally, 
anterioi to the low ei boidei of the nbs and the tiansveise piocesses, to supply the thoracic 
and abdominal walls A laige bianch is given off m the tiough formed by the vertebral 
bodies and tiansveise piocesses It tiaveises the intei vei tebi al foramen and divides into 
tliiee teiminal blanches, one to the posteiioi sui faces of the twm adjacent veitebral 
bodies, anothei to the spinal cord and its membranes, i caching the coid by way of the 
hgamentum denticulatum, and the thud to the posteiioi veitebial piocesses and sur- 
rounding soft stiuctuies (Figs 1-A, 1-B, and 2-A) 

The branches to the coid anastomose fieely wnth the anteiioi and posteiior spinal 
aiteiies which he on the lespective sui faces of the coid, extending fiom within the skull 
to the end of the coid Thus far, this vascular supply of the veitebiae is desciibed in most 
texts of anatomy 

It was foimeib'- taught that the piincipal blood supply of the veitebral body enteied 
thiough foiamina on its anteiioi sui face, the fovea centiahs Moie lecently, a nutrient 
laiteiv has been desenbed. enteiine the nosterioi surface 
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Fig 3-A Fig 3-B 

Fig 3-A Shown at left is a photograph of the posterior surface of tliree lumbar vertebrae, with the 
neural arches and posterior spinal ligament removed 

At right IS a similar specimen, split sagittallj' / indicates foramen for entrance of the nutnent artenes, 
IV, intervertebral disc, c, centrum, I, posterior spinal ligament, p, pedicle stump, na, nutnent arteries, 
entering the neural canal betw een the pedicles and disappearing under the ligament to reappear in the 
cavernous bone of the centrum 

Fig 3-B Sirmlar to Fig 3-A (right view), enlaiged to show the caveinous ossification of the centrum, 
ladiating from the center 


pot tion lagging behind It is this la3''ei of dela3'^ed ossification that gives the spool-shapei 
appeal ance in lateral i oentgenogi anas of embi3’’onic veitebiae The notch shotvn b' 
loentgenogianis on the anteiioi surface of the veitebial bod3r (Fig 1 -A), sometime 
lefeiied to as the fovea centiahs, is due to lelative lag in calcification of the car 
tilaginous centium, not to the entiance of nutnent aiteiies The foiamma seen on tin 
anteiioi surface of the centia aie exits foi veins, not entiances foi aiteiies 

The nutnent artenes enter the postenoi foiamina fiom a la3rei of loose areolar tis^w 
beneath the postenoi spinal ligament, avhich budges the concave postenoi siiifaces of tin 
bones, being attached onl3'’ at then uppei and lowei boideis It is thickened in the mid 
hne and veak lateiall3r, vheie the vessels perfoiate it It does not fuse vnth the annulii 
of the intei veitebial discs as completely as does the antenor ligament (Figs 3-A and 3 B) 
Considerable impoitance has been asenbed by Schmoil, Beadle, and othei vTiters f( 
the radiating conugations that aie found on the siiifaces of young veitebial bodies id'f’j 
the epiphyseal plates have been stnpped off These, howevei, aie found on the diaph}'^^ 
ends of all giovnng long bones and lepiesent the usual waves of growth along the vascu fii 
tiee A leg of lamb, a femui of a 3mung pig, oi a fowl’s femiu shows a similar concentnc 
gear appeal ance vhen stnpped of its epiph3rseal plates 

Blood-boine infections of bones aie most apt to become localized in the end aitenc 
of newl3’^ formed bone, wheie the vessels aie easil3’^ thiombosed and the tissue is 
sistant They occur, therefoie, in the subepiph3^seal ends of the veitebial bodies, as i 
do in other bones that grow fi om then ends 
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CHANGES IN ELASTIC ADIPOSE TISSUE * 

in JOHN G IvUIINS, M D , BOSTON, MASSACHUSETTS 

Tho f tissues of (he body vaiy in fnmness accoidmg to then suppoitive function 
Soft adipose (issue foinis an almost continuous layci beneath the skin, suiiounds visceia, 
ind fills cai dies (hioughoiit the body*® Heie the fat cells aie enmeshed m a loose fibious- 
(issiie netwoik i\i(h a laige amount of tissue fluid Geish and Still, m studies on-the rat, 
showed that blood vessels and lymphatics foim a iich netwmik thioughout the adipose 
tissue This tissue can be distoited leadilj’-, and it slowdy lesumes its original shape as a 
lesiilt of (lie piessiiie of tissue fluid and the elasticity of the muscles oi other structures 
beneath Soft adipose tissue should not be looked upon as suppoitive, but as packing 
miteiial foi the body It selves as subcutaneous insulation and as a readily available 
source of nutiition (Fig 1) 

At the othei extiemo, with man}'^ giadations of fiimness, is elastic adipose tissue 
(Fig 2) This IS supportive tissue, and merits the attention of orthopaedic surgeons 
SchafTei obseived that elastic adipose tissue sometimes takes ovei the function of caiti- 
lige and is is lesistant to piessuie In ceitain legions — the heels, the fingei tips, the 
thenar and hypothenai eminences, the ischial tubeiosity, and the piepatellai fat pads — 
(heie are him deposits of fat'*, sometimes called pressure aieas In these locations, natuie 
has adapted the available tissues to withstand sudden impacts or prolonged pressure The 
aichitectiiie of the fibious tissue is ai ranged to compress and bind the fat cells firmly 
Elastic adipose tissue fiom these locations resumes its oiigmal shape as soon as the ex- 
cessive pressure has been removed (Figs 3-A and 3-B) 

Tietze, in 1921, made the first detailed repoit on the special structuie of elastic adi- 
pose tissue In the fat pad beneath the heel, he desciibed dense strands of fibious tissue, 
enclosing ciicular oi cone-shaped septa The septa contained elastic fibious tissue and 
closelj'^ packed fat cells An exhaustive study of the aichitectuie of elastic adipose tissue 
was made bj’’ Blechschmidt, in 1933 His material came almost entiiely fiom the calcaneal 
fat pad of the human embiyo, since only in eaity life did he find the architectural pattern 
undistorted Both Tietze and Blechschmidt found fibi ous-tissue strands, firmly attached 
to the undersurface of the calcaneus and extending to the subcutaneous tissues These 
tissues were usually in the form of a letter U, w'lth the open end of the U pointing toward 
the calcaneus 

In serial sections studied by Blechschmidt, the stiands of fibious tissue outlined 
(hambers filled with fat cells The chambeis w^eie supported by tiansveise and diagonal 
elastic-tissue fibers There w^as a spiral arrangement of fibrous tissue among the fat cells, 
extending from the subcutaneous tissue to the calcaneus The fat was removed from these 
chambeis with difficulty Firm attachments betw^een the stiands of fibrous tissue aided 
m resisting torsion (Fig 4) A somewffiat loosei aiiangement of fibious tissue in elastic 
adipose tissue is seen in other parts of the body It is thin over the palmar surface of the 
hand Ovei the volar surface of the teiminal phalanges the elastic adipose tissue is less 
firm than that of the heel, but is similar in structuie® A thick, but lathei soft, elastic 
adipose tissue is present over the glutaeus maximus, wffiich becomes firmer as it approaches 
the ischial tubeiosity Almost as fiim as that of the heel is the infiapatellai fat pad 

All of these aieas of elastic adipose tissue aie piesent at biith, none develop m post- 
natal life under the stimulus of pressure In poitions of the bodj^ unprotected bj^ elastic 
adipose tissue, which aie subjected to prolonged and constant piessuie, one obseives 
piessuie neciosis If the piessuie is intermittent, an adventitious bursa appears ® While 

* Read at the Joint Meeting of The Amencan Orthopaedic Association, The Bntish Orthopaedic Asso- 
ciation, and The Canadian Orthopaedic Association, Quebec, Canada, June 4, 1948 
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el.islit! ulipobo (issue IS con- 
stiuctcd lo ^\l(hs( ind s(iiin 
uid piossinc, i( may be dam- 
igcd by se\eic (i nini i and i( 
shows giadiul defciioi alien 
with age, undci continued c\- 
eessne piessuie, i( liccomes 
h-S pci (i opined a( fiisl '' In ca- 
diacia, Ibe aieas of elastic 
adipose tissue aic usuallj' film 
and elastic m the young, and 
thinnei and softei in (he aged 
The state of nutiition has 
little effect Obsei\eis, includ- 
ing Batty Shaw and Wells, haa e found that elastic adipose tissue is spaied for along time 
111 the iiutiitional demands made upon fats in the bod3" 

Degeneiatne changes with mcieasiiig age aie the most constant findings in elastic 
adipose tissue No legeneiation has been obseived Heie theie is a giadual loss of collagen, 
a deciease in the elastic fibious tissue, and a decrease in w'ater content® Distortion and 
lupture of the fibious-tissue stiands liaim been obseived, wath spilling of the fat cells 
(Fig 5) In childhood and eailj" niatuiit3’-, the undeisuiface of the calcaneus is smooth 
In the heels of eldeily individuals, one usually finds evidence of loss of elasticity, — bony 
proliferation about the maigins of the calcaneal tubeiositv, loughened aieas anteiioi to 
this, and bony iidges at the lateial maigins of the calcaneal fat pad (Fig 6) 

The common clinical finding associated mtli degeneiative changes in the calcaneal 
fat pad is soieness undei the heel This is sometimes found in the young after piolonged 
illness More persistent tendeiness and pain is sometimes seen after marked inciease m 
weight, or associated with serious distuibances in the alignment of the foot Such soreness 
IS rarel3’- found in childien In about 5 pei cent of adult patients seen m the dime, tendei 
areas ivere piesent m the posteiioi and mferioi poitions of the calcaneus Soreness and 
thickemng weie found on the medial and lateial edges of the heel These clinical findings 
aie not restricted to human beings, cats and dogs, which have similai calcaneal fat pads, 
ma3'^ show tendeiness and a limp as they become old Pathological examination show^s 
changes similar to those found in human elastic adipose tissue 

Changes in elastic adipose tissue can be seen to a limited degiee on loentgenogiaphic 
exammation Lateral roentgenogiams of the heel weie taken to show’^ detail in the subja- 
cent soft tissues The loentgenogiam of the noimal calcaneal fat pad show^s a smooth 
undersurface of the calcaneus, beneath wLich is an aiea of dense fibious tissue, about 
one-quarter inch thick Beyond this is elastic adipose tissue, vai3ang in thickness, extend- 
ing to the subcutaneous tissue of the heel In it, dense stiands of fibious tissue can be seen, 
extending vertically to the calcaneus These foim the “U s3'^stems”, desciibed by Tietze 
and by Blechschmidt In normal individuals these strands aie regulai and parallel, and 
the chambers aie similar in size In childien and in young adults wLo had had no injuiy 
to the feet (Fig 7), the i oentgenogi aphic findmgs weie noimal 

In patients w'lio complain of soieness in the heel, the i oentgenogi ams usually show 
bony proliferation at the medial and lateial edges of the fat pad, this has been interpreted 
by the roentgenologist as periostitis Bony iiregulaiity about the calcaneal tuberosity is 
also commonly seen In the soft tissues, tlieie is a less dense layei of elastic adipose tissue 
The fibrous strands aie thinner, and aie often iriegulai oi broken in outline They are not 
parallel, and the septa enclosed by the “U s3''stems” aie iiiegular in shape and often con- 
fluent The sharp outlines seen in the young become inci easingl3'’ distorted and blurred 
wTth age These changes can usually be found after the age of fort3'’ (Fig 8) 



Fig 3-V 


Fig 3-B 


Subcutaneous adipose tissue (Fig 3-A) and elastic adipose tissue 
(Fig 3-B) of equal bulk, compressed under a heavy glass plate 
Theie is little change in the elastic adipose tissue Oidinary adipose 
tissue IS greatb distoited 
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Fig 6 

Pliotograph of the tubeiosit}'' of the calcaneus In specimen on 
the light, taken from a \ outh, the tuberosity and inferior surface 
of calcaneus are smootli On the left, the heel of an eldeilj indi- 
vidual shows bony proliferation about the tuberosity and ir- 
regular infeiioi suiface of calcaneus 


Simil u ch uigcb aic Ubo seen 
aftei maiked obesity oi seveie 
ti lunvi In obese indn iduals, both 
^oung and old, often mild but 
easih disceiniblc clnnges aie seen 
in the soft tissues beneath the 
heel A ictiiin to a noimal loent- 
genogi iphic ipjieai mcc is laie, 
c\en iftei subst intnl lecluction 
in weight ind loss of soieness in 
the heel In seteie foot s(i un, if 
the niech lines of weighl-bcaiing 
aie lestoied, i noimal loentgeno- 
giaphic pictuie is again found 
These clnnges taij"^ gieatly fiom 
individual to indnidual, but they 
occiii fnih constantlj" In the 
aged, the changes uiciease, and 
no impioi'enient is obseived aftei 
pioloiiged avoidance of weight- 
beaiing (Fig 9 ) 

In seieie tiaunia, extensive 
tempoiaiy changes aie found in 
the elastic adipose tissue of the 
heel Unfoitunatel}'’, not man}'' 
such obsei vations with the noimal 
side foi compaiison weie availa- 
ble Aftei fiactuie of the calca- 
neus, a distoition of the archi- 
tectuie of the fat pad with flatten- 
ing of the pad and luptuie and 
iiiegulaiity of the “U sj'stems” 
was usuall}'’ found With satisfac- 
toiy healing of the fiactuie, these 
changes disappeaied in fiom six 
to twelve months In ciushmg 
injuiies with seveie comminution 
of the tubeiosity of the calcaneus 
and lateial teaiing and compies- 
sion of the elastic adipose tissue 
the changes tended to be peima- 
nent Onlj' paitial lepaii occuiied, 
a new fat pad could not be pio- 
duced In evulsion of the fat pad, 
observed in tw'o patients, no 
change w'as noted in the i oentgen- 
ogiaphic pictuie aftei lesutuie 

These changes in the elastic adipose tissue of the heel w'eie studied histologically in 
a few' instances, fiom mateiial obtained at opeiations and from autopsies Elastic adipose 
tissue fiom the heels of cadaveia was also examined In all of these, the changes observed 
duiing clinical examination and m roentgenograms were due to a loss of collagen content 
and to fiactuie and distortion of the elastic-tissue strands The best composite picture of 



Fig 7 

Roentgenogram of calcaneal fat pad in child of si\ The under- 
surface of the calcaneus is smooth There is a thick pad of elastic 
adipose tissue Many U-shaped fibrous bands can be seen 
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these eh \nges \\as obt lined fiom thm sections of elastic adipose tissue, stained lightly and 
OMinined iiiidei the dissecting micioscope By this method, gioss fiactuie and distoition 
of the fibions tissue was obseived The hnei changes weie confiimed b}'' fixed sections, 
si lined to show collagen oi conneclivc-tissnc fibeis 

Few obsen itions h i\e been made of elastic vdipose tissue in legions othei than the 
heel In i few inst iiices, study of the infiap ilellai fat pad followung opeiations, osteo- 
iithiitis, 01 tiaiimi showed ch inges similai to those found at the heel An appiaisal of 
the clinic il impoifantc of these changes in elastic adipose tissue wwild lequiie a long 
peiiod of stiuh, both of clinical and of pathological mateiial The data obtained so fai 
fiom the s(ud^ of the heel peimit us to state that degeneiation of elastic adipose tissue is 
often obsen ed with ad-\ incing 3'oais Such degeneiative changes aie accompanied by 
stictching ind teaiing of the connective-tissue fibeis w 4 nch compiess the fat cells With 
these changes, and picsumabh' as a lesult of them, we find pain and binning undei the 
heel aftei piolonged standing and walking Latei theie maj’- be eonstant pam and disa- 
bility P ilpation of such a heel will show tenderness in the calcaneal fat pad Similai find- 
ings may be obsen ed tempoiaiil}'’ aftei obesit3q aftei seveie illnesses, and aftei tiauma 
Since these changes aic, foi the most pait, degeneiative, and since theiapy foi de- 
geneiative lesions IS almost wholl3" palliative, 0111 tieatment of the changes in elastic adi- 
pose tissue is symptomatic In inj lines to the calcaneal fat pad and in the milder degiees 
of degeneiative change, a ceitain amount of lepaii ma3'' take place In severe degeneiation, 
howeiei, and 111 ciushing injuiies wath involvement of the blood supply, the elastic adi- 
pose tissue lemains incompetent peimaiientl3'’ Rest and the avoidance of weight-bearing 
will give tempoiai3’’ alleviation Injections of piocaine have given only tiansient impiove- 
ment, measuies to bung about impioved alignment of the foot — shoes, supports, and col- 
lective exeicises — have been follow^ed b3'’ moie lasting lelief Comfort can be obtained b3'- 
foiming a depiession in tlie heel of the shoe, to avoid undue piessuie on the calcaneal 
tuberosit3'- A sponge-iubbei pad fitted into the heel of the shoe is anothei useful measure 
Theie is no known means b3'’ wdiich healing can be obtained in damaged elastic adipose 
tissue 
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THE ETIOLOGY OF TROCHANTERIC FRACTURES OF THE FEMUR 

GEOKGE N SPE\RS, M D , A.ND J T OWEN, M S , CLEVEL4.ND, OHIO 

From the Departments of Surgeiy and Anatomy, Western Reserve Umversity 
School of Medicine, and the Case Institute of Technology, Cleveland 

In an effoit to deteinnne the cause of fractures in the trochanteiic portion of tlie 
feniui in elderlj^ people, the authois have studied 150 human femoia, taken fiom the 
documented collection m the Hamann Museum Thus the bony architecture in vanous 
age gioups IS coirelated vith the mechanics of this fracture These facts have been sub 
stantiated b}’’ the production of trochanteric fractures in some of the bones by a specially 
designed machine In addition, the mechanical forces involved have been deteimined from 
the e\adence obtained in this stud 3 '- 


EXPERIMENTAL FINDINGS 


Our material has been selected according to age, as follows Specimens fiom a groii]) 
of 3 ’'oung individuals, ranging fiom twenty to thiity-five years, were compared vath thc^e 
from an older grouji, fiom sixty to eighty-five years In addition, a group vnth tiocliantenc 
fiactures vere selected for companson with the first tvo groups Both femora, mth a 
record of the sex color, cause of death, and a bnef history of the subject from iihicli 
the 3 ’’ had been obtained, were available for study In the group vath fractures, the un 
broken mated femur vas of great lalue 

All ol the bones were macerated, according to a standard method used in the Depart 
ineiit of Anatoni 3 ’- Roentgenogiams of the femora were taken, a standaid technique being 
u«ed to bung out the details of the architecture of the proximal end A density gauge 
pictuied vith each bone to judge unifoimity of exposure 

Some of the bones were then fractured, by the use of a machine designed for the 
problem b 3 ’' the Case Institute of Technology (Fig 2) This consisted of a pendulum, 
veighmg fifty pounds, attached to a 60,000-pound Southwark-Emoiy Univeisal testing 
machine The pendulum was suspended from the top of the machine, so that a djuianiie 
force could be applied m a medial dii ection to the lateral portion of the upper end of the 
shaft of the femur The femoral head was held in a lead foim, intended to lepresent the 
acetabulum, and was padded vuth lead wool, the distal portion of the shaft was placed in a 
mold, packed with wet sand, firmly braced to the machine bed A vertical load of from 
100 to 125 pounds was apphed to the head of the femui The pendulum was then raise 
to ^ anous heights, and the force necessary to fracture the bone was calculated by regar 
mg the pendulum as a free-falling body The heights of six, nine, and tvelve mche' 
corresponding to 300, 450, and 600 inch-pounds of energy, were found to produce the e 
sired results These figures vere obtained by measuring the changes in vertical displace 
ment of the centei of gra^^ty of the pendulum from its raised position to its location 'ca 
m contact with the femur Thus the bone was subjected throughout to forces simidatm? 
to the best of the engineers’ ability, those occurring in the living subject 

This mechanical treatment of the femur presented certain limitations of comparmo 
with the In mg bone For instance, the rubber pad over the steel pendulum was a 
m an attempt to simulate body tissue over the greater trochanter and upper portion 
the shaft The mold of wet sand and the lead acetabulum, plus the 100 pounds of ver ica 
force, represented the hgaments and muscles attached to the femur and around t le 

Repeated attempts to study the effects of torsion were unsuccessful, because 
brittle property of bone, which makes film clamping along the shaft impractical 
intracapsular fractuie obtained vith this machine resulted from incomplete xa ' 
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Fig 1 

1' ig 1 Di (grain shon ing ti i- 
bccuhe of the upper portion of the 
femur 

Fig 2 Diagram of testing ma- 
clnne mth ftmur in position 



the femui, so tliat the pendulum 
caused the bone to twist in the lead 
acetabulum and sandbox as it stiuck 
the lateial poition of the uppei end 
of the shaft 

Finall}’’ the femoia weie coveied 
with an aluminum undei coating and 
spiaj^ed with “stiesscoat” They 
weie allowed to dry for tw’'entj’’-foui 
houis before forces w eie applied to the bones foi pattern analysis "Stiesscoat” is a brittle 
lacquei that can be applied to the suiface of an object and wall ciack when eithei statu 
01 d 3 mamic loads aie applied - ■' This piopeity of the lacquei allow's it to be calibrated 
foi analj’^sis of qualitative and quantitative stiess The pattern of the ciacks leveals the 
direction of the foice applied to the bone, the foice diiection is ahvays peipendiculai to the 
visible ciacks Onlj'^ qualitative lesults w'eie consideied sigmficant, since the quantitative 
calculations require a modulus of elasticity and leasonable unifoimity of material, neither 
of which w^as attainable in the specimens studied After the ciacks had appealed, a red 
etching mateiial was applied to pieserve the pattern foi subsequent photogiaphy 


RESULTS 

The loentgenogiaphic studies levealed a definite pattern of tiabeculae, that tended 
to vaiy with the age of the individual 

In all specimens, the aiea knowm as Waid’s tiiangle can be outlined easity (Fig 
],G) The most constant tiabeculae aie those which foim the medial portion of the shaft 
and extend diiectly into the head (Fig 1,A) The cuived tiabeculae on the lateial aspect 
of the shaft (Fig 1,B) foim the superioi poition of the femoral neck and cross the medial 
ti abeculae to terminate in the head On the i oentgenogram, the centei of the neck between 
these two sets of tiabeculae is seen as a less opaque tiiangle, wath the apex pointing toward 
the head The base is identified as the portion paiallel wath the mtertrochanteric-iidge 
pattern 

In the young adult, the entire uppei end of the femui piesents a giaj^ sheen, described 
bj'^ Todd, caused bj'^ the abundance of mineral deposited throughout the area (Fig 3) As 
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a lesult of senilit}'- oi debilit}’-, the sheen is lost and the tiabeculae stand out against 
the less opaque backgiound Caieful examination reveals a biealang-up of the contimnti 
of pattern, as if segments of the lamina weie dissolved entiiely This is seen earliest in 
line B (Fig 1) The lateial tiabeculae aie involved extensively before the medial group 
(Fig l,d.) shov noticeable involvement Finallj'- this column is also weakened, and tlie 
uppei end of the femui becomes much less opaque to loentgen lays (Fig 4) 

The gioup of femoia containing the tiochanteiic fiactuies showed similai areas of 
demineralization vhen compared with the unbioken mate of the pan The fractuie lines 
in the broken bones veie found to go through this area Then a gioup of femora nere 
fractured under conti oiled conditions at Case Mechanics Labor atoijq and i oentgenograms 
shoved the similanty of the fiactuie lines to those described b}'- Cleveland, Bosnorth, 
and Thompson for then clinical group The femoia classed as poorly mineralized ahai' 
broke under dynamicallj'- applied loads of 300 inch-pounds oi less Those femoia in the 
vell-mineiahzed group did not break oi crack until a load of 600 inch-pounds had been 
applied, and in some instances the 5 '^ did not break under the highest loads (Table I) 

For further analysis of the mechanics of this fracture, another group of femoia uere 
treated vuth “stiesscoat”, and the pattern of the ciacks obtained under dynamic load' 
was studied 


DISCUSSION 

The fiequenc}’^ of fiactuies through the tiochanteiic region in elderly people is u ell 
knovn In addition, there is evidence of demineralization in this aiea in these cases Thi' 
leads to the conclusion that the relative strength of the femui in the oldei person isle" 
than that in a jmcmg adult The fiactuie line has been shovn b}-" loentgenogiapliy toe: 
tend thiough the tiabeculae that are thinned out The specific veakness of the bonein 
this demineialized aiea has been ascertained by the production, under specific loads, of 
artificial tiochanteiic fiactuies A study of the bones aftei fiactuie, vith the use of 



Fig 3 

Roentgenogram of femur that is i\ell 
mineralized 



Fig 4 

Roentgenogram of femur that is poorl) 
ahzed 


axd joixT 


niinff 
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‘‘stiossco il ”, indicalcs that the stall- 
ing point of the fi it tines is piobably 
111 tills siiiio 11 oa (Fig l,7i ind G) 

The tiabooiilae utiially exist as 
i single tiibulii stiiutiiic "ith many 
iiitcil icing membcis tiossmg the med- 
iillaiv poilion Euh liabcciila must 
tike 1 dehnite pait of the total load 
excited on the femni Thus foiccs ap- 
plied lie spicad thioiighout the neck 
ind down into the shaft, oiei the 
pathw IX set up b\ the li ibeciil le"* ® ® 

Two othei fact 01 s picscnt m locnt- 
genogiaphic studies aie those of soft- 
tissue absoiption, which has been 
eliminated bx" this sludx", nnd the 
dcgiee of calcium absoiption which is 
xisible Lachmann and Whelan liax^e 
shoxxn that calcium loss must be in 
the X icinity of 20 to 40 pei cent 
befoie it IS detectable by loentgeno- 
gi am 

It x\as seen eail}" in this woik 
that the degiee of osteopoiosis in 
chiomc disease, ex^en in jmcing adults, 
cannot be distinguished fiom that 
occuiimg in senility Consequent!}’’, 
only bones taken fiom cadax’^eia of 
indix'^iduals xxith a histoi}’’ of sudden 
death, xxithout loiow n chionic disease, w’’eie used foi stud}^ 

Sex^eial explanations liax^e been offeied foi the stiain paths shoxxm m the “sti ess- 
coat” expeixments (Fig 5) The hoiizontal hues on the medial poition of the shaft and 
the undeiside of the neck ma}" be tension cracks that occui in bending This poition of the 
femui can be compaied with the outei pait of a simple beam The ciacks occui i mg aiound 
the gi eater tiochantei at the impact point of the pendulum aie indicative of the local 
condition onljq and aie not legaided as significantly lelated to the actual fiactiiiing 
foices Howex^ei, the stiain paths showm by the ciacks i tinning peipendiculai to the intei- 
tiochanteiic iidge indicate a tensile stiess that is paiallel to this iidge All these patterns 
weie exadent in the sex'^eral bones tieated 

The ciacks ox^ei the inteitiochanteiic ridge he in the legion of the bone that is shoxxm 
by the loentgenogiaphic studies to be most xx^eak We behex'^e that this poition of the 
neck tends to become disiupted fiist, as determined by caieful compaiison of the fiac- 
tuied bones and of those xxdiich ciacked, but did not entiiely break apait Seveial theoiies 
hax^e been proposed to explain the condition, as indicated by the “stiesscoat” pattern 
ovei this poition (Fig 1,B) At fiist it xxas thought that this stiain xxas evidence of Pois- 
son’s latio*, xxhich is the lelationship of strain in the Y diiection to stiain in the X diiec- 
tion Hoxx’ex^er, when a section of the shaft of the femur tieated b}’’ “stiesscoat” xx^as sub- 
jected to static and d 3 mamic compiession, no stiain paths appeared, thus shoxxing no 
appieciable application of the Poisson latio 

Anothei suggestion xxas that tensile stiess might be cieated parallel to the intei- 
tiochanteiic Iidge, due to what can be called “arch action” This theory can be explained 
by the stiain pattern that appears in a paiabohc column No evidence has been intro- 
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TABLE I 

Relation of INIinfralization of Bone to Load Required to Produce Fracture 


Bone No 

Degree of 
Mmcialization 

Fracturing Force 
{Inch- Pounds) 

Reiiiiu ks 

300 450 600 

16 

Good 

0 0 0 

No fracture 

32 

Good 

0 0 "hi 

Cracked onlj 

14 

Good 

0 0 4- i 

Cracked only 

10 

Good 

0 0 + 

Complete fracture 

12 

ISloderate 

0 0 + 

Cracked only 

17 

Moderate 

0 0 + 

Cracked onlj 

27 

Moderate 

0 0 + 

Cracked only 

11 

Moderate 

0 0 + 

Complete fracture 

15 

Moderate 

0 0 + 

Complete fracture 

23 1 

Moderate 

0 0 + 

Complete fracture 

30 

Moderate 

0 0 + 

Complete fracture 

19 

Poor 

+ 

Complete fracture 

21 i 

Poor 

+ 

Complete fracture 

25 

Pool 

' + 

! Complete fracture 


diiced as 3’'et to lefute this statement Furtheimoie, when the fiacture line is examined 
inth this idea in mind, it appears possible that the intei trochanteric aiea is subjected to a 
tensile stiess as explained bj'’ the “aich-action” theoij’-, and that the actual break may be 
due to sheei This is fuithei substantiated, inasmuch as the edge of the coitex breaks at 
a 45-degiee angle from the exteinal to the mteinal sui faces This plane is at 45 degrees to 
the appaient direction of pimcipal stiess Howevei, theie is doubt that a material a' 
brittle as bone mil fail under sheei 

The fact that the fiacture occuis in the lateial tiabeculae fiist and then extends to 
the medial tiabeculae is furthei substantiated by the behavioi of this medial portion of 
the femui It is shoiin by the “stiesscoat” to be subjected to an initial tensile stro'^s 
and vet it appears to fail because of a compiession-type load This can be explained bi 
a stiess-ieversal reaction, in ivhich the aich of the neck tends to become straightene 
and elongated undei the lateral load Since both ends of the femui aie lestiained, t o 
tiochanteiic poition of the medial tiabeculae can fiactiiie onlj'^ bj'' compiession 

Note The assistance of Carl C Francis, M D , of the Department of Anatomy, is giatefullj acKnoii 
edged 
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THE SHORT FIRST METATARSAL 
Its Incidlncl and Clinical Significance* 

in ROnLET I HARRIS, M R , AND THOMAS DEATH, M D , TORONTO, CANADA 

The impoitance of shoitness of the fiist metataisal as a cause of disability of the foie 
pai( of the foot and of tlie longitudinal aich has been widely discussed since 1935, when 
Dudley Moiton, in his adinnable monogiaph. The Human Foot, fiist advanced this thesis 
His idea seemed leasonable, and oithopaedic suigeons soon found a sufficient numbei of 
patients suffeiing fiom disabilities of the foie pait of the foot associated with a shoit fiist 
metataisal to lead manj^ of them to accept this as the cause of the disability In actual fact, 
the pioblem has never been submitted to adequate stud}^, eithei by Morton or by otheis, 
and theie is nothing in The Human Fool concerning the association of the short first 
metataisal wath foot disabilities which might not be the result of coincidence 

Difficulties in the management of foot problems in the Canadian Army during the 
1 ecent War necessitated an extensive studj'' of these pi oblems by the Royal Canadian Aimy 
Medical Coips The findings of this Canadian Aimy Foot Suivey m lespect to the shoit 
fiist metataisal aie of consideiable inteiest and impoitance, the moie so since they do not 
siippoil Moi foil’s hypothesis 


Morton’s Thesis 

It IS Moi ton’s contention that shoitness of the fiist metataisal causes distuibances 
in the tiansmission of weight and tliiust foices thiough the foie part of the foot m the 
following mannei 

1 If the fii st metatai sal is shoi tei than the second, it carries less than its normal shai e 
of weight, since its shortness prevents its head from leaching the ground as leadily as does 
that of the longer second metataisal The bulk of the weight load transmitted thiough 
the foie pait of the foot is shifted from the fiist metatarsal to the second, or to the second 
and third metatarsals 

2 The altered transmission of weight is manifested by (a) calluses beneath the 
heads of the second oi the second and third metatarsals, and (b) roentgenogi aphic evi- 
dence of thickening of the shaft of the second metataisal in response to the increased stress 
to wLich it IS subjected 

3 In an attempt to make the head of the fiist metataisal reach the ground and bear 
its share of the w^eight, the foie part of the foot is pionated This distorts the mid-taisal 
joint and pioduces strain of the longitudinal aich 

Morton also contends that the same disturbances of w'^eight distribution thiough the 
fore part of the foot occur 

1 When there is hypei mobility of the fiist metatarsal segment as compared wuth the 
second When this exists, w^eight-beaimg displaces upward the head of the first metataisal 
more easily than the second, which, in consequence, must transmit the gieatei piopoition 
of the w'eight 

2 When the sesamoids of the hallux aie placed moie posteriorly than normal This, 
m effect, is the same as a short first metataisal, since the sesamoids provide the effective 
weight-bearing point of the hallux 

According to Morton, therefore, a short first metataisal oi hypermobility of the 
first metatarsal segment oi posterior displacement of the sesamoids can be the source 
of foot disability, first, m the foie part of the foot, wffiere it causes calluses beneath the 

* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 26, 1948 

SIS 
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Figs 1-A and 1-B 

Comparison of the Canadian Arnn 
Foot Survey method of measurement witli 
Morton’s method Shows the variation nhicii 
may occur m Morton’s method of measun 
ment, dependent upon the amount of lani^ 
of the metatarsals Tracmgs are from the 
same roentgenogram and are exactly similar 
On the left, by Morton’s method, the firit 
metatarsal is shorter than the second bi 
1 millimeter This measurement changes lutli 
the varus or valgus position of the meta 
tarsals On the right, by Survey method of 
measurement, the first metatarsal is shorter 
than the second by 6 rmllimeters This mci' 
urement is not changed significantly by the 
position of the metatarsals 


head of the second metatarsal, falling 
of the transverse arch, and pionation 
of the fore pait of the foot, and, sec 
ond, in the longitudinal arch, which b 
subjected to undue strain by attempt' 
to compensate foi the dimimshed 
weight borne on the head of the lirbt 


metataisal In The Human Foot, Moiton stated that shortness of the first metatarsal is 
but occaMonall}'- the cause of disabihtj'’, and then onl}'^ in adult hfe Nonetheless, it ha' 
been indely assumed that the presence of this anomaly ineintably tends to cause foot 
disablement, because of the disturbance in the transmission of w’^eight and thrust stresses 
through the lore part of the foot This ive have found to be incorrect, — at any rate, foi 
an unselect etl group of adult males, ranging m age from eighteen to thirty-five years 


Canadian Army Foot Survey i 

The Foot Survey of the Canadian Aimy was designed to determine the incidence of 
all important foot defects among young adult males presenting themselves for array m 
listment, and to assess the effect of these defects upon foot function by observation of the ^ 
ty'^pe and degree of chsablement ivhich developed during mihtai}'^ training At the enlist ^ 
ment center, 3,619 men weie examined by precise methods Of these, it was possible to 
follow 1,391 during then mihtaiy training and to determine the functional capacity of their 
feet From such observations, important conclusions have been drawn m lespectto ^ 
alterations in function which result fiom foot defects and abnormalities, including shor ^ 
ness of the first metatarsal 


conducteif 


METHODS OP STUOX 

Study of the short fiist metatarsal by the Canadian Army Foot Survey was 
as follows 

Length of the Fust Metataisal 

The relation of the length of the first metataisal to that of the second was 
by measurement from a standaidized doisiplantai i oentgenogi am of the foot 
record permits accurate determination of the relative length of the first and second 
tarsals The special i oentgenogi aphic techmque pioxnded exactly comparable jl,P 

giams, shoiving all the bones of the foot ivith equal clarity from the posterior en 
calcaneus to the tips of the distal phalanges Measurement of the distance 
poster 101 end of the calcaneus to the head of the first metatarsal and to the nea 
second metataisal gax^e precise information as to then relative length tb 

of measurement is the most accurate, as is recognized by Morton, since it pro 
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TAIil.IC I 

I.] NCTII 01 I'lUST I\Il TATAllSAL AS Kl LATPD TO ErNGlII 01 SlCOND 


M( isijio 2 iicii( of DifloK ii<( Niimbei of 

( Mill nuclei 'i) Cases 


- 12 

1 

- 11 

2 

- 10 

14 

- 0 

20 

- S 

47 

— 7 

51 

- 6 

156 

- 'i 

212 

- -1 

467 

- 3 

556 

- 2 

798 

- 1 

554 

0 

1,5% 

+ 1 

463 

+ 2 

814 

+ 3 

450 

+ 4 

554 

+ 5 

194 

+ 0 

120 

+ 7 

49 

•+■ S 

30 

+ 9 

4 

-t- 10 

6 


7,167 


Minus sign ( — ) means first metatarsal shorter than second, plus sign (+) means first metatarsal longer 
tlian second 

information which is essential, — namely, the distance between the posteiioi point of 
suppoit of the foot (tuber calcanei) and the anteiioi points of suppoit (heads of first and 
second metatarsals) In ordinal}^ loentgenogiams it is not feasible to make this measure- 
ment, since the posterior end of the calcaneus cannot be visualized thiough the super- 
imposed shadow of the tibia This difficulty has been overcome by the loentgenographic 
technique adopted foi the Canadian Aimy Foot Suivej^ 

The method adopted bj'’ Moiton for determining the length of the fiist metatarsal 
in lelation to the second (the position of the most anteiioi poition of the head of the first 
metatarsal m i elation to a line tangent to the head and at light angles to the axis of the 
second metatarsal) is open to considerable eiior, depending upon the position of the meta- 
tarsals in respect to varus and valgus (Figs 1-A and 1-B) 

Distribution of Weight upon the Sole of the Foot 

Smee theie is no accuiate oi simple means of measuring in pounds or kilogiams the 
distiibution of weight upon the sole of the foot, it was necessaiy to lesoit to two indirect 
methods of assessment,— (1) foot-pimting and (2) clinical examination 

Foot-Prinhng 

By the use of lubber mats suifaced with iidges at tliiee diffeient levels, it was pos- 
sible to obtain footpiints which lecoided cleaily vaiiations in piessuie between one aiea 
of the foot and anothei Such mats punt most wheie theie is most piessure, and least 
wheie there is least piessuie Areas of localized increase in v eight-bearing are clearh 
indicated by local intensification of the impimt (Fig 6-B) 
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Chmcal Evidence of Excess Weiqht-Beanng 

The sole of the foot legisteis faitlifull3 the weight it caiiies the lesponse of tlic 
skin to this stimulus The gi eater the weight cairied by a given aiea of slan, the thicker 
does its epidermis become If weight is concentiated in a small aiea, the epidermal thick 
ening is so great and so sharply defined that it becomes a callus which presses into the 
undei lying dermis and causes pain The skin upon the sole of the foot, therefoie, becomes 
a lecoid of the relative amount of v eight borne by each pait of the foot Clinical obsena 
tion peimits us to read this lecoid and to obseive wheie most v eight has been earned 

Functional Capacity 

Of the men examined at the time of enlistment by the methods outlined, 1,391 iiere 
ie-e\amined dm mg then mihtaiy tiaming to observe the functional capacity of their 
feet It vas possible thus to coiielate the findings of the enlistment examinations relating 
to stiuctuie with the functional peifoimance of these feet undei the stiess of militan 
tiaining 

We ha\e, theiefoie, accuiate obseivations upon 3,619 pans of feet, fiom which to 
determine the incidence of a shoit fiist metatarsal and of abnoimal localized areas of 
veight-beaiing (callus), and fuithei obseivations upon the functional capacity of 1,391 
pans of these feet fiom vhicli to deteimme the effect, if any, of this anomaly upon fiiiif 
tion 


FUNDINGS OF THE SURVEY IN RESPFCr TO THE SHORT FIRST METVTARS\n 

Incidence of Shoit Fust Metataisal 

Figure 2 illustiates giaphicalty the length of the fiist metataisal relative to the 
second in 7,167 individual feet (Because of fiequent as3'’mmeti3’’, the feet hare been 
measuied and recorded sepaiatel3q not in pans ) Table I gives the data fiom vhich Figure 
2 V as compiled It can be seen that 

In 2,878 feet the fiist metataisal vas shoitei than the second b3’’ 1 milhmetei oi more 
In 2,693 feet the fiist metataisal vas longei than the second b3’’ 1 milhmetei or more 
In 1,596 feet the fiist and second metatarsals weie of equal length (within 1 millimeter) 
These figures demonstrate that shoitness of the fiist metataisal is common, but so 
also IS 01 ei length of this bone The most common state is eqiiahty of length between 
fiist and second metatarsals (1,596 cases oi 22 pei cent ) The majoiity'’ of the remaining 
cases aie within a fev milhmetei s of equaht3’-, suggesting that this lepiesents the nornn 
foi most feet 

If we aiiange the measuiements with lespect to individual soldiers, we find that w 
1,282 men the fiist metatarsals weie shoitei than the second, and in 2,337 men 
and second metatarsals weie eithei of equal length oi the fiist metataisals weie longei 
the second 


Incidence of Local Excess Weight-Beanng 




Stud3^ of the footpiints and clinical examination of the sole of the foot le^e* 
eighty^-six and one-half pans of feet wdiich piesented evidence of localized 
the problem of the short fiist metataisal, howevei, we aie conceined only wi i 
piessuie borne by the heads of the second oi second and thud, oi 
and fourth metataisals Only thiity-five pans of feet among the 3,619 examine 
e^adence of excess pressure in these situations In the remaining fifty-one an 
pairs, the points of localized pressure W’^eie distiibuted wudety in othei parts 
Localized piessuie under the heads of the second, thud, and fourth 

* Details of the technique for the roentgenograms, the methods of measuimg the 
and second metatarsals on the roentgenograms, and the method of obtaining footprints 
this paper, smee they alreadj"^ have been fulty described* , 
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w ib b^ no me ins limilccl to those feet which had shoit fiist metataisals Indeed, evidence 
of distnibed weiglit-beaiing was neaily ivs fiequcnt m feet in w^hich the first metatarsal 
w IS equal to oi longei than the second as it w'as in feet wntli shoit fiist metatarsals The 
rnidings aic summaiized m 
Table II 


issocialionof Shoit Fust Meta- 
tarsal toith Pcs Planus 

INIoi ton’s contention that 
shoitness of the fiist meta- 
taisal induces pionation of 
the foie pait of the foot and 
depiession of the longitudinal 
aicli makes a stud}’’ of this 
association impoitant It is 
possible to coiielate the two 
factors from the data of the 
Foot Sune}’’, and this has 
been done foi several i elation- 
ships In all of these studies, 
theie IS no gieatei incidence 
of pes planus oi of pionation 
of the foot when the fiist meta- 
tarsal IS shoit than when it 
is long We have been unable 
to find any evidence that the 
shoit fiist metatarsal causes 
pes planus, pronation of the 
foot, or longitudmal-arch 
symptoms 

Functional Capacity in Rela- 
tion to Short Fnst Metatarsal 

Obseivation of these sol- 
diers and stud}’’ of the foot 
problems w’hicli developed dur- 
ing their training did not dis- 
close any evidence that short- 
ness of the first metatarsal is 
a cause of foot symptoms dur- 



Fig 2 

Length of fii'st metatareal relative to length of second, obtained 
from measurement of standardized roentgenograms of 7,187 feet 
i\Iinus sign (— ) means first metatarsal shorter than second, plus 
sign (+) means first longer than second (See Table I and Figure 
1-B) 


ing stienuous activity Such foot symptoms as did occui durmg training w’ere attributable 
to other causes This is not to say that calluses beneath the heads of the metatarsals do 
not exist m soldiers and do not cause symptoms They do, but the evidence that these are 
due to a short fiist metatarsal is lacking, as indicated previously 

The vast majority of soldieis ivith measurable shortness of the fiist metatarsal had 
no symptoms related to the condition and piesented no evidence of disturbance of w’eight 
distiibution The lack of symptoms ’when the metatarsal is short w’as sometimes very 
striking Tw’O examples are illustiated, one in Figuies 3-A, 3-B, and 3-C and the other in 
Figures 4-A and 4-B Both had veiy short first metatarsals and the soles of the feet W’ere 
free from callus oi other defects The men w’ere also free from symptoms 

There are many variations m the manner in w’hich feet are used, which can act as 
■compensatory mechanisms of considerable efficiency One such which could easily com- 
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poRsito foi . 111 -^ (hminulion m the suppoit. noimally piovidecl by the head of the fiist meta- 
t nwd IS incieased use of the fie\oi hallucis muscle The keen observei -will often detect 
ei idence of the use of the gieat toe in walking, and the maik of this inci eased use is callus 
on its plant 11 suiface If shoitncss of the fiist metataisal leally lesults m impaiiment 
of function fioni diminished weight tiansmitted tliiough this segment, one would expect 
that the fiist attempt at compensation would not be pronation of the foie part of the foot, 
as stated by iMoiton, but incieased use of the flexoi hallucis longus This compensatoiy 
mechaiiism has a high degiee of efRcienc 3 ^, and often is used to advantage in such con- 
ditions as lyypeunobilc flat-foot with shoit tendo achillis 

The icmaniing factois in the sjmdiome which aie said to influence function are 
h^ peimobihty of the fiist metataisal segment, posteiioi displacement of the sesamoids, 
and thickening of the shaft of the second metataisal 

Hypei mobility of the Fust Metataisal Segment 

In spite of painstaking effoit, we weie unable to devise any method whereby the 
existence of this featuie could be detected and lecoided Bj’’ clinical examination we could 
not discovei an}’’ case m iihich i\e thought the fiist metataisal segment was so much moie 
mobile than the second as to constitute a possible cause of disturbed neight-beaiing 
The loentgenogiaphic evidence advanced b 3 ’^ Moiton (widening of the inteispace between 
the fiist and second cuneifoims) is not pathognomic It lesults meiely from the chance 
that the cential beam of the loentgenogiam has passed diiectl 3 ’^ tliiough the joint space 
In oiu opinion, h 3 '^peimobiht 3 ' of the fiist metataisal segment does not exist as a separate 
entity 

Posienor Displacement of the Sesamoids of ike Halhn 

Iheie IS consideiable vaiiation in the position of the sesamoids in relation to the 
anterior end of the fiist metatarsal The extieme lange of vaiiation is 16 milhmeteis 
(7 5 to 23 5 milhmeteis), but the gieat bulk of the cases fall within the range of 12 5 to 
16 5 milhmeteis 

We have been unable to deteimine that theie is any lelationship between posteiior 
displacement of the sesamoids and excess Height home by the heads of the second or the 
second and thud metatarsals This feature does not seem to be a cause of disturbed weight 
distribution m the foie part of the foot, any moie than is shoitness of the fiist metataisal 

Thickening of the Shaft of the Second Metatarsal 

We were unable to find any direct as- 
sociation between thickening of the shaft of 
the second metataisal and shortness of the 
first metataisal On the other hand, when the 
presence of callus indicated that excess weight 
A\ as boine by the second and third metatarsals, 
in 44 7 pel cent theie was thickening of the 
shaft of the second metataisal Howevei, 
many cases with thickening of the second 
metataisal piesented no evidence of excess 
Height borne by it It ma 3 ’^ be assumed with 
leasonable accuiacy that, when the second 
metataisal bears incieased Aveight for an 3 ^ 
leason and has done so smee childhood, it will 
respond with increase in size, but there is no 
evidence that shortness of the first metataisal 
is the cause of such excess H eight-beai ing 


Pig 3-C 

Pliotogriph of same feet 
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Fic G-A Fig 6-B 

1 (\ 'f' G-A Splay foot mctaUusal heads arc widely separated In spile o£ appearance, measurement from posterioi end of calcaneus to heads of metatai’sals shows 
lett Uist metalaiHivl \o he 1 millimeter longer tlmn second and right first metatarsal to be 1 millimeter shorter than second 
\ ig W-W I oc»\\>riutH Hivmt pivtient h\io\n local excess t ighl-hcar ing heneatb beads of all inelatarRals 
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The Pioblcm of Callus 

1 he exact natiuc of callus and its causation is not eas}’' to determine In general teims, 
il IS inoduced 63'^ picssuic upon a limited aica of skin Undei the influence of this local 
picsbUic, chaiactei istic changes develop m the coinified layeis of the skin, — cementing 
togcthei 111(0 a homogenous mass the epithelium ivhicli noi malty would desquamate As 
the coinified la3ei becomes ihickci, it intensifies the local piessuie and peipetuates the 
lesion 

The inannei in vliich local excess of piessuie is developed is obscuie In all probabilit}^ 
sevcial factois aic m\olved, singb'- 01 togethei, of which the following play a part 

1 If the toes aic clawed, even to a small degiee, the long toe flexors no longei press 
the toes fiimty against the giound so as to beai then sliaie of the body weight and the 
till list of the stride This tiansfeis moie iveight to the ball of the foot where, sooner or 
latei, calluses develop undei the heads of the metataisals 

2 If the foot IS claw'ed, the metataisals aie diiected moie steeply downward and 
weight IS concentiated upon the metataisal heads, because less is borne by the mid- 
poi tion of the foot 

3 The qualit}’- and the thickness of the pad of subcutaneous tissue may be altered 
so that w’eight is less wudel}’^ distiibuted upon the skin suiface 

4 IMien theie is muscle weakness 01 paialysis, weight may be concentrated upon 
hmiteduiieas of the sole of the foot, fiom which it cannot be shifted because of deficient 
muscle powei 

5 While change m position of the metataisal heads m lelation to each other, or 
“falling of the anteuoi aich”, is a lecognizable clinical entity, the mechanism of its 
production is not clear Piobabty more than one factoi is involved (Figs 6-A and 6-B) 

6 Certain skins peihaps foim callus moie readily than otheis 

7 There is a time factoi concerned wuth the development of calluses In childhood 
they are rarely seen, m 5 '’oung adult life they aie rare, past middle life they are common 
This might mean that it takes a long period of local excess piessure to cause callus, or 
that the factors w'hich lead to the development of localized piessuie appear only m the 
latei decades of life 


DISCUSSION 

The findings of the Canadian Ai my Foot Survey lead to the conclusion that a short 
fiist metataisal seldom, if evei, is the cause of foot disability Soldiers undei go the stien- 

TABLE II 


Number of Cases with Evidence of Disturbed Weight-Bearing* 



Local Excess Weight-Bearing, as 
Evidenced by Footprint and by 




Callus beneath Metatarsals 




Second or 

Thud or 


No Local Excess Weight- 



Second and 

Thud and 


Bearing as Evidenced 



Third 

Fouith 


by Noimal Footprint 

total 


Metatarsals 

Metatarsals 

Total 

and No Callus 

Number 

First metatarsal 
short by 
measurement 
First metatarsal 

614 


14 a 1%) 

1,268 

1,282 

not short by 
measurement 

1314 

lYi 

21 to 9%) 

2,316 

2,337 

Totals 

20 

15 

1 

3,684 * 

1 

3,619 


* Because of frequent asymmetry, each foot is considcied as one-half a case 
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Fig 7-A Fig 7-B 

Fig 7-A To illustrate by analogy the mechanism whereby the metatarsal heads reach the ground 
and bear w eight, despite differences in length If the metatarsals w^ere on the same transverse plane, 
the longest metatarsal would reach the ground fiist and bear the most weight 

Fig 7-B The metatarsals are not all on the same tiansverse plane, but are arched so that the central 
metatarsals are on a highei plane than the first and fifth In consequence, equal w'eight can be borne 
by all metatarsal heads, even though the first is shoiter than the second, provided the metatarsal arch 
IS mamtained 


uous activity of militaiy tiainmg ivith no disability fiom shoit metataisals, and leact in 
no way diffeiently fiom those who have long fiist metataisals 

On the othei hand, callus undei the heads of the cential metataisals occurs in 097 
per cent of young men, and is the cause of appieciable disability It is not specifically 
1 elated to shoit fiist metataisals, in the vast majoiit}’- of which this evidence of local 
excess of pressuie is not displayed Also, it occuis almost as fiequently in feet in which the 
fiist metataisal is longei than the second It piobably is due to shaip concentiation of 
pressuie undei a metataisal head piominent foi leasons entnely different from shortne« 
of the fiist metatarsal 

Measurable shoitness of the fiist metataisal lelative to the second does not necessarih 
mean that it cannot as leadily leach the giound and that less weight vill be transmitted 
through this bone The obliquity of the metataisals in i elation to the ground means that 
all can shaie equally in weigh t-beaiing, piovided the longei metataisals aie on a higher 
plane than the shoitei This noimally ivill be the case if the metataisal aich exists Iti' 
then possible for the second and thud metataisals to extend farthei foiwaid than the find 
before reaching the ground, because they aie at the apex of the metataisal aich (Figs 7- 
and 7-B) 

In any case, the efficient use of the foot to suppoit the iveight of the body and to 
propel it in walking and lunning is not entiiely dependent upon peifection of stiuctiire, 
even though this is of importance In feet Avhich aie not peifect in then stiuctiire, com 
pensatoi 3 '’ mechanisms of consideiable efficiency’' develop, Avhich tend to offset the il ® 
that might arise as the lesult of deA’iation fiom standaid stiuctuie In the case o 
first metatarsal segment, the flexoi hallucis longus, as has already been indicate , 
proA’'ide the necessaiy’- supplement to function Aftei all, foot function is dymamic as 
as static 
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DISCUSSION 

Dr Robert Bingham, Ria'ERside, California Dr Beath and Dr Harris are to be congra 
this excellent study , which is a distinct contribution to medical and orthopaedic knowledge in w 
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FiiM, I)j loontKonoKi inis flu'j li nc (ioinoiihti ittd (he uicKltncc of the shoit fiist metataisal Second, this 
stiid> dLjnon''ti lUs tint a pied miinhoi of jhisoiis mfJi tlio anatomical vaiiation knoun as short first 
met d ii-sal do not liavc clinic il inptoms, due to the compensating potentialities of the human foot Because 
this stuch was conducted on a I uge gioup of \oung, phjsicallj fit men, the application of the conclusions 
to tile human ))o]nil dion as a whole must lie consideicd 

Of the 3,G10 poisons whom tlue (\umncd, shghtlj moie than a third wcie studied for foot function 
during mild ii\ ti lining uid, of these, onh eightj-si\ aic iccordcd as piesenting symptoms Among the 
thirt\-fi\e men with calluses uiulia the imddli met it usds, oiilj fouitcen also had a short first metatarsal 
segment Of this ciitiie senes of j oung men, theiefoic, onl> fouitcen had painful feet as a result of Morton’s 
syndrome oi congeiid il iiisufiieiem j of the first metataisal segment This is too small a group upon which 
to base genei il conclusions 

In one Amciicin Vriii} cam]!, we studied n gioup of 10,000 soldiers, in 332 of whom painful feet de- 
vtlopcd during then si\ months of mihtaii tiaming Of these, thiity-foui, oi slightly more than 10 per cent , 
had sMiiptoms which we believed were due principally to the sjndromo which Moiton has desenbed By 
compensating foi this functional insufficicncj of the first metatarsal segment with the specific treatment 
recommended b\ Dr Morton, ve were able to leturn 76 per cent of these patients to duty In orthopaedic 
surgerj, wc ha\e main c\amplcs of anatomical variations which frequently cause no disability, but which 
maj, with incicisiiig jears or iilnsical strain, produce clinical S 3 TOptoms Pcs planus, an unstable lumbo- 
sacral joint, and spondjlohsthcsis arc some of these Insufficicncj' of the fiist metatarsal segment is, there- 
fore, an anatomical ^a^atlon which is potcntiallj disabling 

Dn II Pi vto Sciiw vrtz, HociicsTrn, New York Acknowledgment of indebtedness is due to Dr 
Hams and Dr Bcith foi this valuable contribution It is an exceptional instance of climcal methods of 
investigation apjilied to a mass of available mateiial to determine the validity of a concept which was 
recognized on the b isis of the data presented to support it 

Because of the thorough investigation leading to the conclusions reached by the authors, there w ould 
seem to be little indication for the repetition of measurements to reaffirm the absence of correlation between 
disabilities of the fore part of the foot and the Morton sjndrome as the cause 

These conclusions arc further supported bj measurements of oscillographic records of the function of 
feet, with and without the charactcnstics common to the Morton syndrome 

1 Pressures recorded over the second metatarsal head, in the presence of a short first metatarsal, are 
found to be essentially the same as w hen the Morton sjmdrome is absent 

2 A one-eighth-inch elevation of the first metatarsal head is functionally charactenzed by an increase 
of pressure of about 20 per cent , limited to the levels of the first metatarsal head and great toe There is no 
significant change induced m the pressures over any of the other four recorded levels of the foot 

3 Pronation begins with the reception of body weight by the heel Since the first metatarsal is not 
functionally sigmficant during the first 65 per cent of the stance phase of the step, it is difficult to logically 
attribute effective control or prevention of pronation to a localized piessure increase at that level 

hlany factors have been mentioned by Dr Beath and Dr Harris in reference to the cause of callus, — 
namelj', that it does not occur w ith anj' dcgice of significance until the latter decades of life They stress the 
point that the conditions under which the foot woiks and the lelative mobility of the toes bring about a 
condition w hich is casdy recognized as a precursor of symptoms referable to the formation of callus One of 
the earliest indications, w hether it be in civilian practice or in imhtary life, of the shortcomings of function 
prodromal to tlic ultimate development of callosities, is that passive plantar flexion is usually limited earlier 
in the second toe than in any of the rest This does not mean that calluses will always develop, but it is one 
of the first indications of functional impairment of the fore part of the foot 

A studj' of the inside of a shoe w Inch has been in the closet w ithout a shoe tree w ill give evidence of a 
depression where the plantar surface of the foot has functioned Such depressions provoke limitation of 
plantar flexion of the toes The relative fixation of the toes m dorsiflexion, in successive pairs of shoes, 
provokes depression of the metataisal heads The resulting depression of metatarsal heads becomes a major 
factor favoring atrophy of the plantar fat pad, either alone or in addition to callosities 

Dr R I Harris (closing) We are reporting the findings of our Survey because there has seldom 
been such an opportunity for the mass study of foot problems As far as w e know , no such survey has been 
made before We are w ell aw are of the limitations w hich Dr Bingham pointed out It is true that w e report 
only the findings in certain age groups Nevertheless it was a carefully planned and precisely executed studj 
of a considerable number of young men, the findings from w hich seem important 

I should like to pay tribute to my colleague, Dr Beath, w ho really did all the w ork in the Survej This 
could not have been carried out wathout his tremendous energj', drive, and persistence during a period of 
nearly two years 
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ACUTE TRAUMATIC POSTERIOR DISLOCATION OF AN 
INTERVERTEBRAL DISC WITH PARALYSIS 

BY RICHARD C SCHNEIDER, M D , ANN ARBOR, MICHIGAN 


trom the Section of Neurosurgery, Department of Surgery, University of Michigan Medical School, Ann Arbor 

As the speed of automobile tiavel has increased and accidents at high velocities have 
become moie common, a coiiesponding use has been noted in the frequency of injuiiesto 
the spine and spinal coid Much attention has always been given to fractures and fracture- 
dislocations of the spine, causing paialysis, because the diagnosis is quite obvious in the 
loentgenogiaphic examination Howevei, veiy little comment has been made about acute 
tiaumatic displacement of an mterveitebial disc m the causation of paraplegia Perhaps 
this IS due in pait to the fact that the disc herniation is not apparent on the loentgenogram 
At any late, physicians have not been paying sufficient attention to this entity in the dif 
feiential diagnosis of spine mjuiies 

Man3' papeis have been wiitten about compression of the spinal cord oi the cauda 
equina by herniated discs, but m most of these cases the patients have had a history of 
gradual progression of symptoms for an mteival of days or weeks between the initial 
trauma and the onset of paraplegia^ ^ A few isolated cases of acute traumatic 
herniation of an intervertebral disc have been reported In 1911, Middleton and Teacher 
presented the case of a man who had lifted a weight, heard a ciaclang in his back, and 
was unable to straighten up Twenty houis later complete paraplegia developed with a 
sensory level at Poupart’s ligament bilateially, and the patient died sixteen days later 
At autopsy a herniated disc was found between the twelfth thoracic and first lumbar 
vertebrae, which had compressed and softened the cord Middleton and Teacher cited a 
similar type of case with rapid onset of paiaplegia, caused by herniation of a disc at the 
first to second lumbar interspace, which had been lepoited bj'’ Kocher as early as 1896 
Middleton and Teacher stated at the conclusion of their article “The rupture of an inter 
vertebral disc during muscular effort may prove to be a veiy rare injury, but it may pro''® 
to be the explanation of certain cases the nature of which has been regarded as qinb 
obscure, oi which have been ascribed to the luptuie of a vessel m the coid during exeition 


In 1911, Goldthwait called attention to a case of sacio-ihac subluxation in 
complete paraplegia developed a few hours aftei his manipulation After numerous 


which 

careful 


studies, he concluded that the disc at the lumbosacral joint had been extruded He state 
“ the wi iter cannot help wondering if some of the cases of so-called transverse mye > 
or cases of paraplegia without bone oi neoplastic disease aie not due to these features 
However, it was not until 1944 that Brooke reported another case of acute comp®^ 
transverse myelitis, secondaiy to tiaumatic herniation of an ossified nucleus pulposus ^ 
the cervical region Later m the same j'-eai Cramer and McGowan described a ^ 

vhom immediate complete transverse myelitis had developed, due to herniation 
cervical disc, and they pointed out the part plaj'^ed bj'’ the nucleus pulposus m juc 
injuries of the spinal coid , Ip 

The author believes that acute cases, whether due to lecoil of the disc oi to 
extiusion with compression of the coid oi cauda equina, are more frequent than is 
Three such cases, observed m the past three years, are reported heie In the first case, 
extrusion of the nucleus pulposus occurred within the thoracic region, with lapi 
ment of paraplegia Each of the other two patients had acute herniation of a cisc 
lumbai legion, with compression of the cauda equina and immediate paralysis ^ 

Case 1 J W , fifteen years old, v as thrown from a car on March 30, 1947 She was dazed [fj 

and then complained of pain in the thoracic and lumbai portions of the spine with parab'sis o 
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Wlu'K (III iiilii'iit luivid at a Iiospil il, about (wo houi', aftci injury, the lesidcnt physician stated that she 
ind i flaccid pardjsis of (he iijrht leg, altliough ankle and knee jciks could be elicited One hour later 
pnnhsis of (he left leg likewise developed 1 he following day a ncuiological examination disclosed complete 
nreflcMc paraplegia wnth a SLnsor\ level at the fouith thoiacic dermatome There was no plantai response 
to stimulation bilatciall^ A diagnosis of “tiaumiitic myelitis” was made and suigery was considered How- 
e\er, it was not until Ajiril 1 (hat the patient was sent to Univcisity Hospital, Ann Arbor 

Vt (he time of admission (he patient exhibited in aieflexic paiaplegia which w'as complete, except foi 
\ibra(or\ sensation at (he fourth thoiacic dcimaloinc, this was still barely noticeable at the iliac crests, but 
not below (hat level Hoentgeiiogiams of the cntiie spine showed only slight haziness of the inferior bordei 
of (he sccoiifl (hoiacu xertebial bodx, which suggested that there might bo a mild compression fractuie 
wathout displacement Lunibii inincturc demonstrated a complete blockage of spinal-Amd flow^ on jugular 
compression, and a spccinn n of fluid rcmovoel at this time exhibited a four-plus globulin reaction Three 
cubic centimeters of pantn))aque weic injected into the subaiachnoid space, and, after careful manoeuvring 
of the patient on a special frame on a tilt table, a complete block at the second to third thoracic interspace 
was donionstratod bj fluoroscopi A lead maikcr was applied over the second thoracic veitebra for identifi- 
cation purposes, a spot film was taken, and the patient was sent direetly to the operating room 

About fort j -eight hours after injurj, laminectomy of the second and third thoracic vertebrae was per- 
formed At this intcrsjiace the duia and cord bulged posteriorly and weie unusually taut Exploration re- 
xealcd the large, comiiletel3 extruded nucleus pulposus shoira in Figure 1, with evidence of compression 
fracture of the inferior border of (ho second thoracic vertebra wathout displacement To remove the pos- 
tenorlj displaced disc wathout further damage to the cord, the disc had to be excised by both an extradural 
and a transdural approach The cord and nenm roots wcie completely decompressed, the blockage to spinal 
fluid was relieved, and the incision was closed m layers From operation until discharge, six weeks later, the 
patient show ed mcreh a drop m hci sensory level wath no change m her motor status or sphincter control 
A follow-up report on September 22 stated that the sensory level had further regressed to the eleventh 
thoracic dermatome However, there had been no return of motoi function, and she still had a bladder 
disturbance of neurogenic origin 

Examination of the specimen revealed a large piece of disc on which both cartilaginous and bony plates 
from adjacent vertebrae were still partiallj intact Fracture of these vertebrae had occurred, permitting 
exdrusion of the disc The remainder of the fibrocartilaginous fragments had been removed piecemeal 

The fact that caitilaginous and bony plates were still adheient to both the infenoi 
and superior surfaces of the disc beais out Edj’-e’s contention “The body, being 
the tteaker component, gives way first undei the stiess of violence The mtervertebial 
fibro-cartilages act as buffeis, as well as being the chief bond of union between the veite- 
brae The vertebiae aie so fiimly united to one anothei that injuiy is more likely to pio- 
duce fiactuie oi dislocation than a simple teaiing of ligaments” The splinting of the 
thoiacic spine by the thoiacic cage pi events mobility, and, theiefoie, rupture of the intei- 
vertebral disc laiely occuis It is probable, as happened in Case 1, that fiactuies thiough 
the cortex of adjacent veitebrae must occui to peimit extiusion of the disc This is in 
contrast to the mobility m both cei vical and lumbai regions, where ligaments can be moie 
readily stretched and torn, with subsequent herniation oi extiusion of the disc, without 
fracture of the vertebral bodies 

Case 2 On August 18, 1947, F L S , a graduate nurse, w'as found unconscious with her trunk flexed m a 
jackknife position, lying halfw ay out the door of a w'recked automobile After she had regained conscious- 
ness, about ten minutes later, it w'as discovered that she was paralyzed from the w'aist dowm She was treated 
symptomatically at a local hospital and then transferied to University Hospital on August 20 At the time 
of admission her sensory level was one segment lower than at the time of the accident She felt the urge to 
void, but was unable to do so and had to be catheterized There was hypo-aesthesia from the twelfth thoracic 
dermatome downward, complete areflexia, and motoi loss in tiic thighs, legs, and feet Theie was a slight 
flicker of movement in the hip flexors Rectal tone was entiiely lacking Roentgenograms w'ere negative for 
fracture or dislocation, with the exception of Imeai fiactures of the transverse processes of the third lumbar 
vertebra bilaterally Lumbar puncture with jugular compression was performed, and there was an abrupt 
rise of 150 millimeters m the spinal fluid, with a correspondingly rapid drop Nevertheless, because of the 
patient’s sensory level, 3 cubic centimeters of pantopaque was instilled, and on myelography a complete 
■ block was found at the first to second lumbar interspace This persisted, although the patient was placed in 
an almost completely vertical head-dowm position A diagnosis was made of herniated nucleus pulposus at 
this interspace 

About fifty houis aftei the injury, a laminectomy of the first and second lumbar vertebrae was per- 
formed, and a large piece of extruded disc (Fig 2) was found This portion of the disc w is Ijnng free in tin 
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Fig 1 Fig 2 

In each dlustiation, the portion of specimen immediateh above the ruler is a smgle piece of disc, 
which was found l 3 nng free in the spinal canal The remainder of the specimen is the part of the disc 
which had been curetted aw a}" piecemeal 


canal, just to the left of the nud-line, causing marked compression of the dm a From the size of the holeii 
the ligament, it was appaient that some of the free disc might have slipped back into its original bed Thi 
interspace w as thoroughly curetted dow n to bone and all loose disc tissue w as removed The dura was openet 
and on the left side a few cauda eqmna loots showed a reddish-purple discoloration, but otherwise there iva! 
no abnormaliti Spinal flmd flow ed freelj^ and, since the cauda equina did not appear markedly swollen, 
the dura was closed tightly 

Within si\tj hours, the patient had a complete return of sensation, but there was no voluntarj niotoi 
function and c}stometnc exanunation revealed a bladdei distuibance of neuiogemc origin Seventj tiw 
hours after operation the patient had good movement of her hamstrings and a vei j’’ definite sense of fullne^ 
m her bladder Ten da^ s after injurj she was dischaiged to a hospital near her home At that time she ha 
complete return of sensation and bladdei contiol, but theie was still complete areflexia of her lower ertrenii 
ties wath just a slight flickeiiiig of her toes bilaterallj'' 

In a follow-up lettei on Januar} 12, 1948, the patient stated that there w as full movement of her loffw 
extrermties in all directions wath slight residual weakness m the hip flexors and dorsiflexors of her feet, " 
that these were improxnng daily Two small aieas of hj’^po-aesthcsia were present on the left thigh an 
but these were disappeanng graduallj She w ears a back support, goes up and dowm stairs, and is a e 
carrj on light housekeepmg duties 


Theie is leason to believe that this patient might have lecoveied paitial function 
vathout opeiation Hei neui ological findings suggested that hei lesion was slightl}'^ 
than the point of complete blockage of the pantopaque, as seen at fluoioscopy Houeicr 
because of the lattei finding, it was deemed advisable to opeiate Undoubtedly, the pa 
n ould haa e come to opeiation foi severe pain at a latei date, because of maiked compm 
Sion of the left neive loot bj'’ an extiuded disc at the fiist to second lumbar interspace ^ 
This case seems impoitant because the Queckenstedt (jugular compression) test "3 
negative, and jmt theie was complete blockage of the pantopaque at the site of e\tru 

Case 3 On !March 9, 1945, 0 B , a soldier, aged tw enty-si\ j’^ears, became intoxicated at a ® 

mg in France Upon attempting to run upstairs, he suddenU experienced severe sharp pain m 
portion of the back, fell down, and was unable to walk He noted numbness in his feet and buttoc 
w as unable to xmid There was no pain as a result of coughing or straining At a forward medica i^ 
a diagnosis of In stena w as made, and the patient w as evacuated as a neuropsychiatric casua 3 I ,, 

two hours later, on iMarch 12, upon adnussion to the Thirt 3 ’^-sixth General Hospital at Dijon, 
presented the followang neurological picture 
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1 licic \\ )s inin n< llu fouilli to fifth luinbai iiilci spate', and gcnllc pcicussion at this point greatly in- 
cicisid his disconifoit 1 he pitionl could not stand, but in the iccumbent position there Mas no ladiation 
of p nil into (he legs on jugul ii conipitssion '1 hcie Mas pain on stiaight-leg laising at 20 degrees bilaterally 
Wt ikiicss MSS present in both light and left loMci c\ti cmitics, Math complete paralysis of all movements of 
both feet llj po-acsthesii Mas piescnt m the fouith lumbai, fifth lumbar, and first saeral dermatomes on 
the right The patelhi reflexes mcic l^peiactivc bilatciallj, Mhcicas both Achilles jerks Mere absent A 
diagnosis of cent nll\ hei in it ed nucleus pulposiis Mas made by Lieutenant ColonelJ E Webster Lumbar 
puncture Mas performed, and the spuml-fluid pi of cm Mas found to bo 96 milligrams per 100 eubic centi- 
meters Lipiodol Mas intiodueed into the spinal canal, and an invaginating defect, 1 centimeter in diameter, 
Mas noted at the fourth to fifth lumbar interspace on the left 

Earlj on the morning of Mai eh 13, about cightj'-four houis aftei injurj, the patient had a lanunectomy 
(performed bj Lioufcnaiit Colonel J E Webstci, assisted by the authoi) under general anaesthesia, a huge 
jirotrudcd disc, markedh compressing the left side of the duial sac at the fourth to fifth lumbar interspace, 
Mos found to be present Ibis Mas incised and the contents Mere icmoved piecemeal 

The patient had an axciagc convalescence At the time of evacuation to the United States on April 25, 
he had had onlv modeiafe improxcmcnt m [lOMer of his Iomci extremities, Mith the right shoMang furthei 
lecovery than the left No movement m an3'- diiection uas evident in cither foot A loss of sensation in the 
sacral dermatomes icimmed The right patellai and hamstiing leflexes Mere noimal The left patellar and 
Inmstnng reflexes and both Achilles jerks mcic absent Voluntary bladder control Mas present, Math urgency 
and occasional incontinence He m as unable to stand 

In a folloM-up letter from this patient on Januarj'- 12, 1948, he stated that he Mas able to walk Math the 
aid of a back brace and a lock 13 pe of biacc to compensate for his fooUdrop on the light The left foot Mas 
complelel3 normal in all mo\ cments There m as still hvpo-aesthesia in the fourth lumbar, fifth lumbar, and 
first sacral dermatomes on the nght, as Mell ns in the saddle area Occasionall3" theie Mas liyperaesthesia in 
these areas and mild inx'oluntar3 jcikiiig spasms in the legs Conti ol of the vesical sphincter was good, but 
he had lack of sensation m his rectum and Mas ahiays constipated 

In this case a faultj’^ diagnosis of Jiysteiia uas oiiginally made without a satisfactory 
neurological examination, a lumbai punctuie with studies of the spmal-fluid dynamics, or 
a myelographic examination The patient’s gieatest neuiological deficit now is on the side 
opposite to the one wheie gieatest compiession of the cauda equina xvas visualized at 
operation 


DISCUSSION 

Unfoitunately theie is still a maiked tendency on the part of many surgeons to ovei- 
look completely, 01 ignore until too late, those signs and symptoms w'hich aie indications 
for surgery m injuiics of the spine and spinal cord All too fiequently the geneial attitude 
IS that a cord in]ui 3 '^ is an utterly hopeless pioblem, and it is useless to do anything about 
it As a result, those individuals w'ho might haxm had a chance of lecoveijr actually do 
become "hopeless cases” 

The early indications for surgeiy in spinal-cord injuiies are usually given as 

1 A history of progiession of neurological signs 

2 Compound fractuies of the spine, paiticularly m those cases with spmal-fluid leaks 

3 Marked encroachment of bony fragments upon the spinal canal, as exhibited m 
the roentgenograms 

4 With a lumbar-punctui e needle in place, evidence of complete blockage of the 
spinal fluid on jugular compression 

To these it is believed a fifth should be added 

5 Evidence of blockage of a column of pantopaque upon m 3 '^elogiaphic examination 
in those cases xvhich, in spite of a negative Queckenstedt test, have a definite sensoiy level 

The fiist twm indications listed lequiie no discussion, but the last three should be 
commented upon It should be emphasized that, at opeiation, 30 or 40 pei cent more 
damage to the veitebiae may be noted than can be visualized in the roentgenogiam 

As shown m Case 2, if one relies merely upon a positive jugular-compression test as 
an indication that opeiation should be perfoimed, extruded discs maj’' be missed It is 
obvious that this test will be negative as long as a subaiachnoid space of the diametei of a 
No 20 needle is still present The validity of the test is good for that moment during which 
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the pioceduie is being peifoimed It is knonn that oedema may giadiially develop m tlip 
injured coid oi cauda equina houis oi even a few days aftei this initial test has been per 
foimed, and, unless the pioceduie is repeated seveial times, a true surgical lesion maj be 
ovei looked Foi this leason it is advocated that early pantopaque myelographj’^ be per 
foimed m these lesions wheie theie is no block to jugulai compression, and yet a good 
sensory level is piesent 

A woid of caution is offered to those doing myelogiaphy on these individuals In order 
to prevent fuithei damage to the injured cord, the patient should be anchored seciiiely to 
a boaid on the \-ray tilt table, with a firm supporting yolk at the shoulders and adjustable 
ankle supports This enables tilting of the patient into an almost vertical head-doiui 
position, -wnthout compression of the Amitebial column oi the spinal cord 

It would seem unnecessaiy to emphasize these ciiteria, but only too raiely aiethei 
followed In all of the cases reported here, operation was performed much later than it 
should have been, and the degree of disability has, at least theoretically, been increased 
proportionately These cases should be regarded as surgical emergencies After earh 
accurate diagnosis, operation should be performed immediately by a competent surgeon, 
for the elements of the central neivous system do not, in general, Avithstand prolonged 
compiession mthout the occuiience of iiieversible anatomical changes 
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CONGENITAL POSTERIOR ANGULATION OF THE TIBIA 
in cLAHLNcn n in iman, m d , and charles h herndon, m d , 

CLEVELAND, OHIO 

brom Gates Hospital for Crippled Childicn, Elyria 

Congonilal 'nitoiioi uigulalion oi bowing of the tibia has atti acted the inteiest of 
oilhopiedu suigcoiib foi many yeais, (hiefly because of the seveiit}'^ of the defoimity 
and the difficulties encounteicd in tieatment Although the defoimit3'’ is laie, many 
wiileis ha\e considcied it as lelated to congenital pseudarthi osis Expeiienced oitho- 
paedic suigeons aie awaie of the likelihood of non-union following fiacture or osteotomy 
to collect the angulation 

Congenital posteiioi bowing, on the othei hand, has not been desciibed adequatel}^ 
While laie cases nia}' liave been obseived, the3'’ have not been leported sufficiently to 
make this t3’'pe of bowing geneiall3'' known as a sepaiate entity Since one of the writeis 
has tieated thiee such cases, and has obsen'ed them sufficiently long to know the out- 
come, it seems irapoitant to desciibe them and to lepoit the results of conservative 
treatment 

In the liteiatuie, piacticall3’^ all cases of bowing of the tibia aie ref ei red to as con- 
genital angulation oi congenital bowing, iiiespective of the underlying pathological 
condition Heietofoie, two foims of congenital angulation have been w^ell described and 
are recognized It is the authois’ pin pose to add a thud gioup, consisting essentially of 
posterior angulation with talipes calcaneus, and to differentiate this entity from othei 
forms of congenital angulation 

Gtoup I 

This IS the foim most commonl3'' lefeired to In all of these cases there is an anterior 
01 a forwaid and lateial angulation of the tibia, and pseudai thi osis eventually develops 
Theie may or ma3'^ not be a dimple ovei the apex of the angulation Although it is said 
that talipes equinus may be present befoie fractuie has occurred, most patients are fiist 
seen wffien considerable bowing is already present or aftei fiacture with shortening of 
the tibia, allowing the foot to assume a position of calcaneus The bone is usually small 
and sclerotic, and the medullary canal is diminished In rare cases, how^evei, no patho- 
logical change is leadily demonstrable in the roentgenogram The defoimity is a local 
one, not associated wuth abnoimality of othei bones 

It is most commonly accepted that a primaiy defect exists in the structuie of the 
tibia This has been attributed to a fibi ocystic lesion at the apex of the angulation (Figs 
1 -A and 1 -B), an associated neurofibromatosis, or a congenital deficiency or absence in 
the nutrient artei3'’ Peihaps the most widely held theory of etiology is that of a defect 
in the germ plasm, wdiich is a lessei manifestation of the same factor that results in 
congemtal absence of the tibia Freund, how^ever, believed that the sequence of deformity 
and pseudarthrosis is not caused by a piimary defect in the tibia, but lathei that a dis- 
pioportion of giowdh betw^een the bone and the calf muscles causes the angulation and 
ultimately lesults in fractuie and pseudai thi osis (Figs 2 -A and 2 -B) His concept was 
similar to that of Middleton's explanation of the deformity in the next group 

Group II 

The second group of congenital angulations of the tibia are those characterized by 
anterior bowung, associated wath shortenmg of the calf muscles There is 'ere '■"d 
maikedly resistant talipes equinus Spontaneous fracture with pseudarth 
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Fig 3 


Gioup II J S , at the age of thnteen months Theie ^\as bilateral anterior angulation of the filirii 
absence of the fibula, severe equinus defoimity, and developmental abnoimalities in the foot 

The child is now eleven years old One foot has been amputated, the deformity of the other foot lia.'' 
been corrected He is a normally active child, and there has been no fracture of either tibia 

rule, as m cases m Gioup I While the piedominating defoimity is that of the tibia and 
foot, there is usually a coexistence of othei anomalies of development, such as absence 
of some of the bones of the foot, syndactylism, absence of the fibula, and congenital 
dislocation ot the hip (Fig 3) Theie is usually mailced shoitenmg of the entire loner 
extremity, mostly below the knee The i oentgenogi ams leveal thickening of the tibia on 



Fig 4-A 

Group III MAS, at eight montlis of age, April 6, Ifill There was severe PO®tenor 
bownng of the left tibia and fibula at the junction of the middle and lo^\ er tlurds 1 leg 

lower tibial epiphyses appeared normal as compared -nuth those on the right, on the 

was shorter Ossification appeared normal, except foi a rather marked inciease ot a J 
concave sides of the cm ves , 
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ihc (oncno side of (lie (uno, Iho 
scleiosis nia-^ iin oh e the cnlnc thitk- 
np‘5b of the hone A dimple is picscnt 
^nlcIloll^ it the ipe\ of the aiigiil.i- 
(1011 A toiislant finding is a vei y (iglit 
tendo aehilhs i\i(h scvcie talipes 
equimi^. 

Ficiind, Kite, and Middleton 
ha^e desciibed this gioup of cases in 
detail Ficnnd consuleied the dc- 
follnlt^ as caused by i faulty ullage 
of the c\tieinit'\ It uas Middleton’s 
opinion that the angulition is sec- 
ondaiv to shoitening of the calf 
muscles, due to failuie “dining intia- 
uteiine life of the last stage of giowth 
in length of the developing mjmeyte 

’’ This would account foi the fact 
that histologically the muscle cells 
weie noimal, but shoit The muscles 
do not keep pace with (he inciease m 
length of the skeleton, leading to pio- 
giessne functional shoitening of the 



tendo achillis Middleton did not be- 27, 1948, at the age of seven jcais Ossification and 

heve, howevei, that congenital shoit- alignment of the tibia and fibula were essentiallj normal 
f .1 1 i.1 ii, follow me conservative treatment The leg had been without 

ening of the muscle is the cause of the J,°Xcti 6 n foi four jeais 
angulation in Gioup I In man}^ of the 

cases in this categoiy the fibula is absent, this Middleton believed to be a concomitant 
anomaly, and not an etiological factoi in tibial angulation How'evei, most of the patients 
with absence of the fibula also show tibial angulation, talipes equmus, a dimple over the 
i apex of the cuive, and shoitening of the leg 


] G) oup III 

This IS the group of congenital angulations which the authois are submitting as a 
clinical entity, distinct fiom those in Gioup I and Group II The cases aie chaiacteiized 
by 

1 1 Posteiioi angulation 01 backw^aid and medial bowung at the junction of the middle 

"jand low'ei thirds of the diaphysis of the tibia The fibula is similaily bowled 
! 2 Seveie talipes calcaneus 

3 Tightness of the anteiioi muscles of the leg and weakness of the tiiceps 
suiae 

4 Piesence of a dimple ovei the apex of the angulation 

5 Shoitness of the low^ei extremity confined chiefly, if not entiiely, to the leg, and 

'tjUndei development of the muscles of the leg 
j 6 No detectable abnormality of the stiuctuie of the bone, othei than a thickening 

feof the coitex on the concave side of the cuive 

i j 7 No appieciable impairment of the uppei or lowei tibial epiph 3 ’’sis 
1 8 No unusual tendency to fiactuie 

9 Good piognosis wnth conservative tieatment 

A leview of the literature has disclosed onlj' two cases that would fall into this 
''categoiy In one typical case, reported b 3 '^ Fieund in 1936, consideiable improvement 
^ ollowed SIX months of treatment A second case of posteiioi angulation of the tibia was 
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Fig 5-A GioupIII A L W ,atsi\\\eeksof 
age, September 18, 1942 There iias seveie 
posterioi and medial angulation of the tibia 5-B 

and fibula at the junction of the middle and lower thuds Ossification was essentiallj normal, 
cept for increased density on the side of the concavit 3 ’^ 

Fig 5-B April 5, 1943, at eight months of age Theie wms appreciable improvement m the angulation 
Both epiphj’-ses appealed normal 


leported in 1943, bj'- Diaz Boideu Tins patient, howevei, showed no muscle atrophj, 
shortening of the extiemity, oi calcaneus defoimity Voshell desciibed the case of a four 
month-old infant, which fits accuiatelj'’ into this gioup The child is still a baby Th 
authois aie lepoitmg thiee cases, followed eight yeais, si\ j'^eais, and three year' 
lespectiveh 

The outstanding clinical featuie of these cases is a good piognosis as a result of 
conservative treatment, in spite of the alaimmg eail}'^ deformity This at once contra t 
congenital posterior bowing wnth the congenital anteiioi bowings 

The etiological factor w^ould not appear to be a primary germ defect in the bone, i 

since the tibia does become straigW i 
and IS approaching noimal m a ‘ 
1 espects in the last i oentgenogram 
of the cases reported lieie There r i 
no fibi oc 3 '’stic lesion, evidence c i 
neui ofibi omatosis, or sclerosis 
fact, the early i oentgenograp 
appearance of the bone stiucture'^ 
normal, except for the mcrea 
thiclcness of the coi te\ on the co*- 
side of the curve This is 
a manifestation of ® 
law', Aiith thickening or con ea 
tion of the tiabeculations a ong^^ 
trajectory of forces to niee 
stress on the curved bone 
maiy' congenital shortening o 
anterior muscles could , 

deformity, but this is not -a ^ 
mg, because the muscles ar 

resistant to stretching, an 
in length 



cave 

ably 


Fig 5-C 

September 1, 1944, at two j'eais of age Showing con- 
tinued improvement under conservative treatment 


continue to grow 


AND . 


THE JOUBNAL OF BONE 





578 


C H HEl MAN AND C H HERNDON 


lesponse to tieatment ^\ould indicate an adaptive shoitenmg due to position, latlierthan 
the extiemely lesistant shoitenmg caused by a congemtal arrest in development On the 
othei hand, the h5’^pothesis of a piimaij'^ shoitenmg of the anteiioi muscles is attractne 
because this Mould cause onl}’- a posteiioi oi a posteiioi and medial boMing Postenorand 
lateial boumg has not been encounteied It is obvious that posteiolateial boMing could 
not be caused b}"" a shoitenmg of muscles on the opposite side of the leg, since there are 
no muscles on the anteiomedial side It is unlikely that an evtiinsic force, such as al> 
noimal mtia-uteime piessuie, caused these defoimities, because all cases aie essentiaih 
the same Pei haps the embi3mlogist may find the ansuei 

The tieatment of congenital posteiioi angulation of the tibia is conseivatue 



Fig 6-A 

Gioup III R R , August 3, 1945 At three weeks of age, there was severe posterior and medial an^h 
tion of the tibia and fibula with shortening of the leg, and increased density on the concave side of ta 
cuive, as in the cases of I\I A. S and A L W 



tl,o=e on 

Apiil 5, 1946, at nine months of age The tibial epiphyses on the left weic dem'^ 

light Shoi tening, how ever, w as apparent Ossification appealed noinial, except for the 

on the side of the concavity 
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Osteotomy should ne\ ci be pci foi mccl, 
because ol tlic likelihood of causing 
pseud lit 111 osis E\cii osteotomy with 
pimviiy bone-guifting may icsult m 
hiluie of uiiioii The thiee cases of 
postoiioi aiiguhtioii to be piesentcd 
yeie all tieated consen atn ely, yith 
good icsults Theiapj’’ consisted of 
massage and sti etching of the soft 
tissues yliich hold the foot in cal- 
caneus, and fitting the patient Mitli a 
toe-to-gioin biace with a leathei cuff 
capable of being tightened posteiioily 
at the site of the angulation A stop- 
joint Mas used at the ankle to pieyent 
calcaneus The biace \ias applied as 
earl}’- as piactical — at about five 
months of age, befoie the childien 
began y eight-beaiing — and yas con- 
tinued until the angulation had been 
coriected by growth, and the cal- 
caneus deformitj’’ had been eliminated 
by the appeal ance of stiength in the 
triceps suiae 

Groying bone is pliant, it yields sloyly to piessuie or to a bending foice The biace, 
consisting of a doubled-back leather cuff, adjustable in tautness by means of straps and 
buckles between the iigid lateial uprights, exerts a continual pressuie, directed toward 
straightening the tibia A stop-joint at the ankle to pieyent calcaneus, together yith 
manual stretching of the soft-tissue stiuctuies anteriorly, diminishes the resistant bow- 
string effect of the short anterior muscles 



Fig 6-C 

Julj 16, 1948, at three years of age Marked improvement 
was evident 


The patient, M A S , was first seen on September 17, 1940, at six weeks Pf age Examination revealed 
severe posterior and medial angulation of the left leg, immediately above the ankle joint, which had been 
present since birth There w as a dimple postenorly, over the apex of the curvfe The tendo achdlis was lax 
and the dorsiflexors of the foot w ere contracted, causing a severe calcaneus defornuty There w^ere no cafS 
au lait spots No treatment had been given Roentgenograms show'ed severe posterior and medial angulation 
of the tibia and fibula at the junction of the middle and lower thirds (Fig 4-A) The bony cortex of the 
tibia and fibula w as thickened on the side of the concavity Massage and stretching of the shortened soft- 
tissue structures were instituted to correct the calcaneus As soon as the child began w'eight-beanng, at 
mne months of age, the brace previously described was applied Although the epiphyses appeared normal 
by roentgenogram, the left lower extremity was approximately one inch shorter than the nght, the short- 
emng being aU below the knee By April 29, 1944, the condition had improved markedly, so that there was 
practically no limp and no gross angulation There w'as good power in the triceps surae, and a normal range 
of motion in the anUe joint One inch of shortemng remained The brace was then discontinued 

The child is now eight yeais old, and w^alks with only a slight limp, due to one-half inch of shortemng 
No gross deformity is detectable She has excellent muscle strength in the tnceps surae, an a norma range 
of motion in the anUe joint Roentgenograms show no posterior angulation and very shght lateral angula- 
tion of the tibia and fibula (Fig 4-B) The bone architecture and the epiphyses appear normal 


The patient, A L W , had been born wnth an angulation of the nght leg, for w hich a plaster-of-Pans 
cast had been applied by a local physician, shortly after birth When the patient w as fct seen on September 
4, 1942, at four weeks of age, there was a severe postenor and medial angulation of the tibia and fibula at 
the junction of the low er and middle thirds A dimple appealed m the skm over the apex of the angulation 
posteriorly The foot w as in severe calcaneus The tendo achillis w as lax, and t e orsi exore o e oo were 
contracted Theie weie no caf& an lait spots Roentgenograms, obtained on September 18 confirmed the 
angulation (Fig 6- A) There was no defirate abnormality of the bone structure, although the bone density 
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on the concavity of the curve m as increased The plaster immobilization started by the family physician i\ a? 
discontinued, and the patient v as treated conservatively and kept under observation 

At five months of age, a toe-to-groin brace n as fitted to the right lower extreimty, -mth a leather support 
postenorly at the site of the angulation The child began alking at fourteen months of age Gradually the 
deformity of the leg and the calcaneus deforimty decreased (Figs 5'B, 5-C, and 5-D) By November 1, 1946 
there v as only moderate calcaneus, good powei in the tnceps surae, and only shght angulation of the tibia 
The brace nas discontinued at that time The shortemng of the evtremity was reduced to one inch It should 
be noted that the low er tibial epiphysis did not appear on the right until April 1943 

Since November 1946, the patient has been qmte well She is now six years old, and valks with only a 
slight limp due chiefly to weakness of the AcluUes group of muscles There are one and one^fourth inches o! 
shortemng of the extremity, but no gross angulation The roentgenograms of the nght tibia and fibula shoa 
imld medial bowung, and piactically no posterior bowung (Fig 5-E) The bone architecture and the epiphwcs 
appear normal 

The patient, E. R , w as first seen on August 3, 1945, at three w eeks of age The baby had been born 
wuth severe bowing of the left leg, just above the ankle He had had no treatment Exaimnation showed 
severe postenor angulation (Fig 6- A), a dimple in the skin over the apex of the angulation postenorly, and 
a severe calcaneus deforirnty The tendo acluUis was lax, and the dorsiflexois w'ere tight The left tibia and 
fibula were short m comparison with those of the nght leg Theie weie no cafS au lait spots No definite 
defect w as noted in the bone architecture, although there w as increased density of the tibia on the side of 
the concavity' The only tieatment given imtially' was massage and stretching of the tight dorsal structure' 
At the age of mne months, w hen the child began to bear w eight (Fig 6-B), he was fitted with the brace 
and a reverse stop-lock He learned to walk qmte w ell w ith the brace, and he is still w'eanng this ty^pe, at 
the age of three years There has been steady, giadual impiovemcnt in the angulation, and also in the 
calcaneus deforimty Theie is one inch of shortemng of the left lowci extremity, aU below the knee Good 
pow er IS present in the triceps surae, and a noimal lange of motion in the anlde joint Roentgenograms show 
only' moderate angulation (Fig 6-C) The epiphyses appear normal 

REFERENCES 

1 Diaz Bordeu, E Tibia curva congdmta Arch d Hosp Ninos Roberto del Rfo, 11 232-236, 1943 

2 Freund, Ernst Congemtal Defects of Femur, Fibula and Tibia Arch Surg , 33 349-391, 1936 

3 Kite, J H Congenital Deformities of Low er Extremity' In Surgical Treatment of the Motor-Skeletal 
Sy'stem, Part 1, pp 23-100 Edited by' F W BancioftandC R Munay Philadelphia, J B Lippmcott 
Co , 1945 

4 Middleton, D S Studies on Prenatal Lesions of Stnated jMuscle as a Cause of Congemtal Deformiti 
Edinburgh Med J , 41 401-442, 1934 

5 Voshell, Allen Personal commumcation 


CLOSED DRAINAGE OF THE KNEE JOINT FOLLOWING ARTHROTOftO 

BY FREMONT A CHANDLER, M D , CHICAGO, ILLINOIS 

From the Department of Orthopaedic Surgery, University of 
Illinois College of Medicine, Chicago 

Postopeiative effusion of the Icnee joint is a fiequent sequela of aithrotomi 
distressing to the patient and of concern to the suigeon, foi it is painful and m 
wuth phy'-siological healing Aithiotomy, of necessity, adds trauma to symovial s 
yy'hich aie often acutely or chiomcally nutated The extensive aieas of synovial mem 
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icspond by effusion into (he joint space, uilh lesultant swelling and mciease of mtia- 
aiticul 11 piessuie Hie sjniovi il membiane and (apsiile become tense and congested The 
piesencc of effusion indicilcb the duection of the flow of lymph fiom the j omrsynovial 
ineinbi me and capsule into the joint cavity 
The egiess of joinl fluid into the Ijmiphatics and 
capillaiies is (cnipoiaiily halted Repeated 
aspnation as a means of dccompiession of the 
distended joint ib often lesoitcd to 

Many suigeons have found that non-sutuie 
01 \eiy loose sutuimg of the s3movial membiane 
at the site of incision peimits diainage of the 
effusion into the cxtiacapsulai oi subcutaneous 
tissues, theieb}' pi eventing joint tension This 
has the disadvantage of pioducing a “pool” of 
synovial fluid along the line of sutuie, thusintei- 
feiing with eail}', fiim healing 

A simplei means of pei nutting continuous 
diainage of the knee-joint cavil 3’- is piesented 
heie A diainage tiact is established fiom the 
apex of the supiapatellai pouch to the deep 
muscle planes of the thigh b3'^ penetiatmg the 
s3movial membiane and capsulai folds wath a 
blunt forceps, the foiccps is mtioduced closed, 
and then opened befoie w ithdiaw al The double 
cuive of a medium-sized uteime packing foiceps 
has been found to be ideal foi this purpose It 
can be mtioduced thiough an3’' t3'’pe of incision, 
and IS long enough to leach well be3'’ond the 
joint cavit3f The diainage tiact in this position Fig 1 

permits escape of the joint fluid into an exten- Method of puncture m the suprapatellar 

sive inteimusculai plane which is iich m Pouch by introduction of packing forceps 
^ through incision 

lymphatics It also pi events the pooling of joint 

fluid along suture lines Eaib" joint movement, active and passive, produces a “milking” 
effect and pi events seahng-off of the drainage tiact 

Voluntaiy use of the extensoi muscles of the knee, wRich is so important, is facilitated, 

1 educing quadiiceps atioph3^ to a minimum ' 

The obseivations of Bauer, Shoit, and Bennett ^ show conclusively that the larger 
piotein molecules, especially albumin, aie absorbed through the lymphatic system lathei 
than by capillaries This obseivation explains in gieat pait the favoiable couise wRich 
usually follow^s muscle-plane diainage of postopeiative effusion of the knee joint Similar 
synovial diainage of othei joints is occasionall3^ indicated 

The use of this technique of diainage has almost eliminated postoperative effusion 
folloMung aithrotomy of the knee joint, and postopeiative pain and disability have been 
materially reduced 

1 Baufr, 3Valter, Short, C L , and Bennett, G A The Manner of Removal of Proteins from Normal 
Joints J Exper Med , 57 419-433, 1933 
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EVOLUTION OF METAPHYSEAL FIBROUS DEFECTS 

BY IGNICIO V PONSETI, M D , AND BARRY FRIEDMAN, D , IOWA CITY, IOWA 

From the Department of Orthopaedic Surgery, 

State University of Iowa Hospitals, Iowa City 

Localized defects in the metaphyses of long bones have been described as “cyst-like 
aieas”^ “non-osteogenic fibioma’’^ “metaphyseal fibrous defects”^, and “monostotic 
fibi ous d3^splasia ’ ’ ^ 

The autbois had the oppoitunity of follovang by roentgenograms, for a period of 
thirteen j’-eais, the evolution of such metaphyseal defects This case is unusual in that, 
duiing the peiiod of obseivation, thiee such defects appeared and legressed in the same 
aiea of the uppei humeial metaphysis 

R B , a t\\ o-j^ear-old boy vas admitted to the Department of Orthopaedic Surgery of the State Uni 
versiti of Io\ia Hospitals on November 22, 1934, because of a curvature of the spine, present since birth. 
Phj sical examination and roentgenograms revealed a left convex thoracic scoliosis, due to congenital nedgin? 
of the third to the sixth thoracic vertebrae, and absence of the fifth rib on the left Roentgenograms of the 
spine at the time of admission included the right humerus, n hich appeared normal (Fig 1-A) Roentgeno- 
grams vere taken at frequent intervals to follow the couise of the scoliosis, and many of them included a 
view of the right humerus 



Fig 1-A Fig 1-B Fig 1-C 

Fig 1-A In roentgenogram taken at two 3 'eais of age, light humerus appears to be normal 
Fig 1-B At four j’^ears of age, a small metaphyseal defect maj”' be seen truvcled 

Fig 1-C At five j'ears of age, because of growth of the bone, the metaphj'seal defect has 
from thb epiphysis It is outlined by sclerotic bone farther down 

Fig 1-D At five and one-half j^ears of age, the fiist metaphyseal defect is still apparent, la 
shaft A second metaphj^seal defect is seen, arising in the same location as the first , , q ]■! bccom'^' 
Fig 1-E At SIX years of age, the first metaphyseal defect, which is in the humeral slia , 
smaller , the second one, still m the metaphj sis, has enlarged located d®'*’' 

Fig 1-F At SLX and one-half j^ears of age, the first metaphyseal defect is vei 3 ’^ small ana is 
the center of the humeral shaft The second defect has enlarged and its borders have beco 
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Fig 1-G Fig 1-H Fig l-I 

Figs 1-G and 1-H In loentgenogiams taken at seven and seven and one-half > cars of Agt, lespectivelj , 
the fii-st metaphyseal defect is disappearing, vhile the second lesion has traveled ai\aj from the epiplnsis 
Fig l-I At eight and one-half j ears of age, the first metaphjseal defect has complcteb disappeared The 
second defect remains large 
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III l')3(), whon tlu boj w i', foui ic iis old, i sniill, wUl-ioundcd aica of dccicascd density i\as noted in 
(lie iippoi Ininici il nil t i]ili> sis (big 1-B) In subsequent locntgcnogianis this lesion iias seen to be enlarged, 
oloiigilcd in the ixis of the sli ift, uid to have ti ivcled away fiom the epiphysis w itli the giowth of the bone 
As it did so, its boulei’s iiiiieiied scleiotic (Fig 1-C) Latei, its centei became more dense, and, foui yeais 
ifter it w IS fii-st detected, tins lesion had comiiletely disappeared (Fig l-I) Meanwhde, when the child was 
111 e ind onc-h'ilf lo irs old, a siniilai aiea of tianslucencc was noted, beginning in the same location as the 
fii-st (Fig 1-D) This second defect became enlaiged to a gicatei degiec than the firet As before, its bordeis 
became sclerotic, latei new -bone tiabeculae filled in the defect, and by the time the boy was thirteen years 
of age, this lesion had disapiicared (Fig 1-N) 

In Figure l-I a 1 Inrd lesion niaj bo seen, oiiginating at the same site as the other two The duiation of 
this last mctaplijSL il defect was shoitci, ns it was no longei seen one year later (Fig 1-L) Roentgenograms 
taken u)i to the time the jiatient was sixteen jcais of age failed to show any new lesions 

At no time did the patient have complaints lefeiable to his arm, noi was theie any history of trauma to 
tlie legion Ho had no caji an lail spots, and no neuiofibromata were found on physical examination Because 
of the obvious benignitj of these defects, no ticatmcnt was instituted 

Biopsy of the lesions Mas not done However, the loentgenogiaphic featuies are 
identical wath those found in nian}"^ metaphj'^seal defects seen in this Hospital ivliich, at 
biopsj" examination, weie found to be filled wath fibious tissue In some instances this 
fibious tissue contained foam cells, small giant cells, and neiv-bone foimation Clinical 
s3miptoms aie fiequentlj'- absent Jaffe and Lichtenstein, Hatchei, and Schlumbergei have 
all desciibed similai lesions, with coiielation of the i oentgenographic and pathological 
findings Theie is no reason to doubt that the defects in the case piesented belong to the 
same categorj’’ 

The thiee metaplij’^seal defects in this case all appealed in the same area of the 
humeius This indicates that they iveie due to a localized, intermittent disturbance in the 
process of ossification, as Hatchei contended Each of the defects followed a similai couise, 
and, as then boiders became scleiotic, they migiated towaid the diaphysis, finally disap- 
pearing in a peiiod of fiom one to seven and one-half yeais The natuial couise and the 
fact that they all oiigmated from the same aiea would appear to be strong aiguments 
against Jaffe and Lichtenstein’s belief that they lepresent benign tumors foimed from 
maiioiv connective tissue 
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EXTERNAL SKELETAL FIXATION IN THE TREATMENT OF 
FRACTURES OF THE TIBIA * 


BY JOHN R NADEN, M D , VANCOUVER, BRITISH COLUMBIA, CANADA 


The voik coveied by this leview vas done laigely on the Orthopaedic Seivice of the 
Vancouvei Geneial Hospital Manj'- factois have been lesponsible foi the large number of 
cases treated vuth external skeletal fixation Apait from the fact that external fixation 
a definite place in orthopaedic and tiaumatic suigeiy, its use has shortened the patients 
sta}’- in the Hospital and thus aided the universal shoitage of hospital beds 

Steinmann pins and plaster in the tieatment of fiactures of the long hones had been 
used in Vancouver Geneial Hospital foi a numbei of years piioi to 1942, mth satisfacton 
results Although this method was not employed on all fractuies, we had sufficient experi 
ence to appreciate its efficiency and usefulness, as well as the possible complications 
In June 1942, we commenced using the external skeletal-fixation equipment densed 
by Roger Andeison This paper is a leview of our expeiience vith this method of treatmeni 
Fiom June 1942 until the piesent time, external skeletal fixation has been used in o\er 
950 fiactuies and orthopaedic conditions In this senes almost 4,800 pins have been in 
sei tedj 

Paiticulaily on the coast of Biitish Columbia, post- tiaumatic aithritis has been 
pievalent This pioblem had been encounteied duiing all types of treatment of a gieat 
many fractuies, and our feeling was that the incidence of aithritis might be lessened if the 
joints could be kept mobile instead of being fixed foi a piolonged time A comparatne 
statistical leMew, foi this and othei aieas, of the peiiod of fixation lequned for the solid 
union of fractures is not available, but it is oui impiession that union m this area is alitfb 
slov er than the aveiage, regardless of the method by which the fracture is tieated 
A total of 237 tibiae have been tieated by this method These include fiactures of al 
parts of the bone, m vliich oui experience has shown that exteinal skeletal fixation is no 
efficient method of treatment 

The method of inseiting the pins has vaiied only shghtlj'' Practically all of the pm 
have been inseited with a hand chuck This may be consideied a slow and antiquate 
method, but the authoi has always been able to mseit the pm in the desiied position int 
out too much difficulty By this proceduie there is much less danger of thermal necro^ , 
and, as fai as I have been able to deteimine, no case of iing sequestia has resulted from ' 
cause 


The placement of the pins is veiy impoitant, the moie obtuse the angle of the pmsm 
each unit, the bettei the fixation in the bone and the less the possibility of the pins becoia 
mg loose When this has been difficult on account of the position of the fiactuie, an e\ 
pm has been added to pi event side slipping No complications have lesulted 
insertion of extia pins, and the motto has been “ ’Tis better to add a pm than 
too few” With a shoit upper fragment, into which the uppei pm cannot be 
obhqueljq the pm maj'’ become loosened and allow some side motion of the bone n 
half-pm inserted at a mde angle, piobably almost anteioposteiioi, but possibly at a 
angle, to the shaft, vull give added fixation i ji,e 

In the great ma]oiit 3 '- of fiactuies of the middle of the shaft, the pioxima 
distal pins have been thi ough-and-thi ough, — that is, the proximal pm m the 
fragment and the distal pm in the distal fiagment The othei two have been hal -P>n 
whenever an extia pm has had to be added, it has been a half-pm 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicag > 


IIlUlOL 

January 28, 1948 ^ + u „„ have been 

t Smee the compilation of the statistics for this review, an additional twenty tiDiae 
AppioximateR 300 additional pins have been mseited m fiftj -seven fractures of all t 3 ''pes 
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Fic l-V Fic 1-H 

Ortoliii 7, Octol)oi ‘), 1045 


Fig 1-C 

Febiuary2, 104G 


^Figs 1-A and 1-B C iso 110 Showing 
a'iseverelj comminuted fiacture of the 
le’ft leg, a compound, comminuted frac- 
ture of tlio right leg w as also jircseat The 
patient’s general condition contra-mdi- 
cated an}' attemjit to obtain a perfect 
reduction, and it w as thought unw ise to 
attempt to correct the posterior angula- 
tion b} anj furthci mampulation 
Fig 1-C Union had occurred at sixteen 
w eeks 

Fig 1-D Tlie result two years later 

Oiigmallj'-, t\e tieated almost 
all fiactures, except those of the 
femoial neck, as emeigencies At 
the present time, a gieat many of 
the fractures, with the exception of 
those which are compound or com- 
plicated, have been treated as elec- 
tive cases, and adequate genei al and 
local preparation has been given 
prior to the reduction and fixation 

The cases to be illustrated are those in vhich, mth two exceptions, external skeletal 
fixation alone has been used It had been felt that this discussion should not be compli- 
cated by the presentation of cases in ivhich both internal and external fixation had been 
used In a certain number of cases ivheie open i eduction has been indicated, we have used 
a combined method of fixation, and a combination of intei nal fixation wath screw s oi nuts 
and bolts, as w'ell as the pins and external bais 

The propoition of patients upon w^hom we have been doing a combination of open 
■reduction and pm fixation has been inci easing, but internal fixation has not necessarily 
been employed in all of these cases 

In the simple fractuies, the pins aie mseited after the usual preparation and wath 
rigid technique, usuallj' wath an assistant putting ti action on the foot The importance 
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of ti action duiing the inseition of the pms is that, if theie has been much shoitening, thcii 
iM.ll not be a vaiiation in the skin tension aftei the fiactuie has been reduced 

Aftei the pms have been inseited, small zephiian-soaked gauze diessings are spiked 
ovei the pms and held inth sterile sheet v adding, and often a compiession bandage i 
applied fiom the toes to belov the Imee The clamps and bais aie attached to the unit 
and then the connecting bais aie added Expeiience has shovn that no attempt should b 
made to look at the fractuie iMth the fluoioscope without putting the limb in the reduction 
flame Aftei the leg has been fixed m the frame, the connecting bars are released and th 
fiactuie IS inspected The room is daikened as soon as the diessings have been applied, o 
that the opeiator’s e3’’es ma}’’ become adapted to the dark m piepaiation for fluoroscopi 
No attempt is made to leduce the fiactuie undei diiect vision It is inspected onlvmtli 
a m inimum of exposuie 'I’ldien leduction is satisfactoij’', the connecting hais are firmh 
fixed, and the leg is lemoved fiom the fiame It is impoitant that the knee and the ankl' 
be put thiough a full lange of motion befoie the patient leaves the operatmg room 
In the caie of compound fiactuies, it has been oui plan to do a thorough cleansing c 
the entile leg and adequate piepaiation of the sldn The compound vound, if possible,! 
blocked off vith a diessmg, bandaged m position aftei the cleansing The pins aretbea 
mseited, the diessmg is earned out as pieviouslj’’ desciibed, and the umts are completed 
The compound vound is then debiided, if possible and if it is consideied advisable, tb 
wound IS closed piimaril}'’ without diainage Fev patients have had delajmd prrnian 
closuie, the gieat majoiity with compound fiactuies having been admitted within a short 
time of the injuij’- and hainng been tieated within a few hours 

The aftei -caie has been laigelj’’ that of “judicious neglect” as fai as the pms are cos- 
ceined The dressings have been changed onlj”- when absolutel}’’ necessaij’’, and thenonlv 
bj’’ the suigeon Active knee, anlde, and foot movements aie lequued Ambulation mtl 
Clutches IS staited the daj’' aftei fixation if at all possible, and the patients are sent honit 
In none of the patients has eailj'- full weight-beaimg been encouraged Wehaveofte' 
suggested that the patient weai a shoe and stait putting the foot to the giound with son* 
w eight-bearing 

Routine roentgenogiams aie taken before dischaige fiom the Hospital andatap- 




Fig 2-B 
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Fig 2-A 
October 7, 1945 
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Fig 3-A 
Much 3, 1946 


Fig 3-B 
March 5, 1946 


Fig 3-A Case 142 This patient had a skung 
accident 

Fig 3-B Roentgenograms taken after reduction 
demonstrate the use of e\tra half-pins in the inort 
distal fragment below the spiral fracture 

Fig 3-C Shows the result almost two} ears later 

pioximatelj’’ monthly mteivals thereafter 
If thei e IS a tendencj’’ to absorption and t f 
appeal ance of ovei -extension, the 
necting bai s ai e loosened and then tighten 
If the loentgenogiams look satisfacton s' 
the end of ten to fifteen Aveeks, the connee 
mg bais aie leleased and the fracture 
tested clinically If theie is still a 
amount of spnng at the fiacture site,^ ^ 
connecting bais aie again fastened, an^^^^ 
theie aie no conti a-mdications, j 

may be advised to discaid the ciutc es^^^ 
liaAm full weigh t-beaiing Antli the pm® i 
in position , 

Fig 3-C Repiesentative cases demons w ^ 

Januar} 2, 1948 vaiious tj'^pes of fiactuies, before 

operation, AAuth x-ia3'’s of the end 

Table I summarizes the A\oik covered by this leAuew There have been 
stances of non-union among the cases of simple fi actui e One patient (Case Id , 

tines of the ulna, the pelvis including the sacrum, and the tibia, the fi actui e 
included the ankle as well as the shaft The second non-union occuiied in a pa 
161) w ho had long-standing disability of the leg, i esulting from poliomyelitis i 

struck across the back of the leg by some rolling logs, with a i esulting large 
the calf and wuth fractures of the ankle as well as of the shaft Union too' P 
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Fig 4-A 

Scptcmbci 2S, 1945 


Fig 4-B 
October 18, 1945 


Fig 4-\ Case 121 Sliowing a veij sevtrcl\ 
comminuted but not compounded fracture 
Fig 4-B Demonstrating the possibilities of tins 
method, although the technical lesult is not perfect 
Fig 4-C Showing the appearance of the log 
almost tw o and one-half j ears latoi 

ankle in ten tteeks Aftei bone-giaftmg 
of the shaft, union occuiied in twent}'’- 
eight weeks, but theie ivas some neciosis of 
the skin ovei the opei ative ai ea 

Earl}'’ bone-giafting was done in foui 
cases, including Case 212 (Figs 5-A and 
5-B) In Case 168, a pm clamp had bioken 
a month after the original pinning and 
the fiacture had become badly displaced 
It Avas thought advisable to remove the 
pins, allow' the pin site to heal, and then to 
do an open i eduction and bone-giaftmg 
with le-pinning 

Minor local skin nutation about the 
Dins occurred in about 5 pei cent of the 
Datients In none of these Avas there any 
definite infection oi bone inA'olvement 
The aieas healed almost immediately and 
-he pins AA'eie removed, m most of them, 
lealing AAas complete at the time the diessmgs AAcre lemoA'ed, in one AAeek 

The second classification of skin difRcultj' w'as piesent in those who had defimte 
nfection about the pins, but w'lthout infection of the bone FiA'e patients lequired hos- 
-• atahzation for a few' days on this account 
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Fig o-\ Case 212 \ logger, w ho had been struck by a fallmg log, w as admitted four da}'S after tk 

injun Roentgenogiams shou the tremendous swelling and large bleb foimation The fracture was not 
compound, but theie was some loss of sensation and movement, thought to be the result of the 'e\cri 
contusion with swelling Anj immediate mterference was con tra-mdicated It was three and one-half 
weeks before the skm was in satisfactorj' condition to proceed w ith fixation . 

Fig 5-B kn extra half-pin was placed in each fragment for firmer fixation This case is an exiniplc ot 
early bone-giafting m fiacture of the tibia, with external skeletal fixation Roentgenograms show the 
appearance twent} -eight weeks aftei grafting, the loss of sensation and movement is now felt fotiaie 
been due to ischaemia, which developed prior to oui seeing the patient 



Fig G-A 


June 25, 1945 (o tl 

Case 105 A four-j ear-old giil was lun ovei bj a tiuck The skm of the leg, j^'^^jisattachc'* 
ankle, rolled off in a large flap w ith the exception of that on the postei lor quai ter, ^ ^arra'' 

It w as thought at first that amputation w ould be necessar 3 and that the child s conai f,.^gnient 

even roentgenograms After thorough cleansing, it was demonstiated that the [join 

h mg loose!} in a sleei e of periosteum actualljq the piece w as removed from its oe 

{Continued on page 593) 
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Fig 7- a. Fig 7-B 

November 28, 1944 November 29, 1944 

Fig 7- A Case 64 This patient had a commmuted fracture of the lower quarter of the leg, not invohmg 

the jomt , 

Fig 7-B A pm was put through the calcaneus as well, on account of the verj’^ short fragment 
Fig 7-C Roentgenograms taken over three years later The patient had no disability 
Fig 8-A Case 166 A woman, seventy-five years old, fell on the stairs The ongmal 
did not gi%e the impiession of the large posterior lip fiagment, but an attempt at closed redu 
demonstrated the lack of stabihtj 


In the thud classification of pm difficulty, theie was definite bone involveraen 
Four patients (Cases 20, 29, 44, and 151) (Fig 9-A) showed small sequestra about pm 
sites Aftei lemoval of the pins the aieas healed immediately, wnthout residual disa n't 
none of these weie iing sequestia, but just small flakes about the size of nee Onepa 
(Case 27 A) had some low-giade infection in the head of the tibia wath slight peraisea 


drainage, but otherwase with good function , 

One patient (Case 186) had sloughing of tissue of the peioneal gioup of ^ 
wathout appaient infection about the pins and wathout bone involvement This pa^J^^^ 
had a definite lesion of the external popliteal neive Theie have been several 
lesions of the external popliteal neive, they ma 3 '^ have been due to too tight an 
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TABLF I 

1 iniAi Fhactuui s 1 HI All I) ni IiiVTcnNAr Skeietal Fixation 


'Io( il iuiiiiIk'i of cifcos 237 

Still uiukr trcatintnf (too cnily foi end usult) 31 

Ctscs with cnd-rcsult rating 206 

Simple fractures 

Upper Hurd 26 

Middle thud (appro\iniatcly middle thicc-fiftlis) 90 

Lower third without ankle involvement 16 

Lowei third with ankle involvement 24 

Compound fiaclures 

Middle thud (approMinatelj middle three-fifths) 35 

Lower third involving ankle 7 

Ununited shaft fractures (simple and compound) pinned pieviouslj 8 

Open reduction 

Without internal fixation 26 

With internal fixation 32 

Non-union 

Previously pinned simple shaft fiactures 2 

Previouslj pinned clsew here 2 

Compound fiactures of the shaft 4 

Bone-grafting for cases of non-union previously treated elsewhere 11 


local swelling, oi the elose pioximity of a pin to the neive Recoveiy occuiied in all cases 

One patient (Case 134) had a spiial fiactuie of the low^ei end of the tibia in 1945, 
without involvement of the joint Pinning was done wnthin twm houis of the injuiy An 
e\tra pin was added because of the veiy shoit fiagment Tw'entj^-foui hours later, the pa- 
tient had a sudden seveie pain in his leg, the pulsation of the posteiioi tibial neive was 
absent, and the foot was cold Exploiation of the vessel as fai as the bifui cation w^as of no 
avail, and amputation was necessaij'’ latei Examination of the vessel after amputation 
showed that it had been damaged fiom the fiacture dowmw'aid, especially above the site 
of pin insertion 

In addition to Case 212 (Figs 5-A and 5-B) thei e w'as one othei patient w ith ischaemia 
This patient had a seveielj’’ comminuted fiactuie of the shaft below^ the head wnth severe 
sw^elhng, but without a gieat amount of pain In letrospect, it is appaient that the fascia 
should have been incised 



Fig 8-B 

November 13, 1946 


Fig 8-C 
Januarj 3, 1948 


Fig 8-B Ten w eeks later, roentgenograms showed the reduction and fixation obtained bj the closed 

method . , ,, j * 

Fig 8-C Sixteen months after the accident there was a full range of motion, and the patient stated that 
she had no disability 
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Fig 9-\ Fig 9-B 

\pnl 27, 1946 May 2, 1946 


Fig 9-A Case 151 An attempt il 
closed reduction as made on the ankle 
but it w as not successful, due to intcrpo'i 
tion of some small fragments 

Fig 9-B After skeletal fixation th( 
roentgenograms showed satisfactor) re- 
duction There was union in fhirtcct 
w eeks, the patient gomg back to work it 
good time 

Fig 9-C Eighteen months after the in 

jury, the patient had a small swelling oic: 
the middle of the tibia Roentgenogram 
show a small sequestrum overljong ttie 
exit point of a half-pin This was remoTO 
in the office through a small incision, anc 
the area healed immediately The end re- 
sult has been verj^ satisfactorj 

Four patients xnth badl}’ co 
minuted fiactuies involving the s 
Ide had seveie lesidual traume 
aithritis, and aithiodesis vas ^ 
quiied Exteinal skeletal fiviti 
was employed after operation 
these cases 

Four cases of non-union ' 
curied among the thiit}"-fi'® 
pound fiactuies of the shaft 
of the fractuies in this 
seveielj'^ compounded and co 
nuted, and in some there uasj ' 
substance The gieat majoiity of the compound ivounds healed by first intend 
spite of this, howevei, the opeiatn'’e xvounds bioke down aftei bone-grafting 
instances (Cases 25, 125, and 152) 

Tw o compound fiactuies, piimaiily tieated with pins, w^ere so severe that am^^ 
was necessai}^ eventually In one (Case 8) theie was loss of a large poition o 
tibia, a large aiea of skin damage and seveie soft-tissue damage, and a .h 

the second (Case 171), anothei veiy severe fiactuie involving the lower ^ 
and the ankle, pins weie inseited foui w'eeks aftei the injury, in an attemp^ a gu'!*®* 
length and allow foi some skin coveiage A flare-up of infection necessita ^ ^ an! 
amputation In a thud (Case 79), an old ununited compound fractuien 
xihich was oiiginall 3 " infected but had healed, a bad lecuiience of infection ^ 
giafting made latei amputation necessary'’ 



Fig 9-C 
October 7, 1947 


ho 


ilOIxT 


SI r" 


THE JOUBNAL 01 BOAE 


I'HAC luni S 01' IHL TIBIA 


597 


Vii .i( tempt lias been m iclc to give a complete analysis of all the cases with an end- 
icsiill gi uliiig* One hundied and ten cases weie lated A4F4E4t In these cases there was no 
ippieciablc shoitening, and joint function was thiough pra'ctically a full range, there was 
only occasional joint pain and no disability In an analysis of the end lesults, the good 
as well IS the iieaily peifect lesults w’eie classified in the 4-4-4 rating These patients have 
had loentgenogi ipliic pi oof of alignment w-ith films of the knee and ankle joints in almost 
ill cases ddie limb lengths weie not checked b3’' compaiative i oentgenograms of the 
opposite extiemity, but only by manual measuiement The 110 cases included seventy 
closed fi ictuics (simple and complex) and tw'enty-one compound fractures of the shaft 
Fne weie fiactuies of the tibial head, involving the joint Ten cases involved the ankle 
joint Foui weie cases of non-union of the shaft in wdiich bone-giaftmg and pinning w^as 
done 

Veiy few patients had an appieciable amount of shoitening There was a definite 
tendency in the eailj”^ cases tow aid getting ovei -extension at the first leduction This 
necessitated allowang the fiactuie to close b3'^ loosening the clamps and then tightening 
them There was appieciable shoitening — that is, ovei one-quarter of an inch — in 0013^ 
five cases, and these weie cases in which theie was loss of bone substance One patient 
(Figs 6-A and 6-D) had definite inciease in length due to incomplete reduction and 
associated oceigiowth, appaientl3’’ fiom fracture hyperaemia 

The geneial alignment of the fiactures has, on the wdiole, been satisfactoiy Twm 
patients had lateial bowung and two had slight posteiior bownng, but neither of these 
conditions was seveie enough to lequiie fuither inteiference As mentioned previously, 
malposition resulted in Case 168 fiom a bioken clamp w'hich w^as not discovered until one 
month aftei the oiigmal 1 eduction In Case 59, the patient had a fracture in the low^ei 
quaiter with malunion in exteinal lotation due to a pooi “technical job” at the time of 
the original 1 eduction, this was latei collected b3’’ a rotation osteotomy, and the end result 
w as excellent 

There weie twent3'--six fiactuies of the pioximal end of the tibia, tw^enty-five of which 
involved the joint In five the end-iesult latmg w^as A4F4E4 Six patients had tears of the 
lateral menisci, w^hich w^eie excised In fifteen of the tw^enty-one cases, motion of the 
knee w^as lestricted, thiee had flexion of less than 90 degiees and the lemamdei had 
flexion of 90 degrees or moie Eleven patients had some degree of tiaumatic arthritis 
Three had definite knee-joint relaxation, but none of the knees required arthiodesis 

In thiity-one cases the ankle joint w^as involved Seven of these w^eie compound fiac- 
tures, many of them seveiely comminuted, with multiple fractures into the joint Ten of 
the thirty-one cases had an end-result lating of A4F4E4 The three patients wnth ankle 
involvement lequiiing amputation and foui requiring ankle arthrodesis have pieviousl3'^ 
been mentioned in the text Of the lemainmg fourteen cases, seven had definite ankle 
ai thi itis w ith resti iction, one had ankle and knee restriction, and six had some ankle pain 
Of the entile group, tw^enty-five patients had ankle arthritis and twenty-seven had 
aithiitis of the knee, either alone or combined with resti icti on Of this number, ten pa- 
tients had knee and ankle arthiitis, eithei alone or accompanied by restriction 

The aveiage length of time required for union of the simple shaft fractuies w^as six- 
teen and one-half iveeks, for twenty-eight compound shaft fractures it w'as sixteen w^eeks 
Union w^as dela3md in eight simple or complex fractures, ranging from twent3’^-foui to 
thirty-eight weeks Five compound fractuies lequired from twent3'’-two to thirty-four 
w'eeks foi union 

* The review and the grading of the cases from 1942 to 1945 were done b 3 Dr Giles B Murphj of the 
Workmen’s Compensation Board of British Columbia , ,, , „ , 1 r> . i 

t The symbols of end-result rating commonly used in the Ma^achusetts General Hospital, Boston, iia\ e 
been employed “In each instance the result was evaluated from the separate viewpoint of anatomic restora- 
tion (A), functional recovery (F), and effect upon economic ability (E) and was graded on a numericaJ bi'^is 
in respect to each of these criteria The numbers used ranged from 4, the maMmum, down to 0 * 
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The average period required in the Hospital after opeiation was eight days for tlio 
simple fractures, for the twenty-eight compound shaft fractures, uncomplicated by other 
severe injury, it was sixteen days 

When the nineteen patients vnth non-union (mcludmg thirteen originally treated 
elsevhere) had been treated by bone-grafting and pm fixation, umon occurred in twehe 
to tventy-two weeks in nine cases In four cases union reqmred twenty-six weeks, in fi\e, 
twenty-eight to forty-eight weeks One patient had a severe flare-up of infection and 
amputation was lequired 

Associated injuries included three severe head injuries, two of which resulted in the 
death of the patients, one definite nerve injury, associated fractures,— five of the calca 
neus, nine of the pelvis, seven of the femui, foui of the forearm, and two of the spine One 
patient had bilateral dislocation of the hip A\nth fractures of the pelvis, humerus, and clan 
cle There were a number of other associated complications Of three patients with known 
fat emboli, one died Two cases weie complicated by pre-existing poliomyelitis 

I 

CONCLUSIONS 

This review presents our experience wnth external skeletal fixation in the treatment of 
237 fractures of the tibia, fiom a total of over 950 cases in which pmmng was done for all 
types of fractures and orthopaedic conditions In spite of the difficulties encountered, we 
are still using this method 

1 Massachusetts General Hospital Fracture Service (P D Wilson, Editor) Expenence in the Man 
agement of Fractures and Dislocations (Based on an Analysis of 4390 Cases) Philadelphia, J B Lippm 
cott Co , 1938 


DISCUSSION * 

Dr Mather Cleveland, New York, N Y (Chairman) Dr Naden prepared a good deal of this paper 
V 1 e e V as undergoing surgical treatment, and he deserves tremendous credit for his inllingness to pailiei' 
pate in this symposium We are also obliged to his surgeon for permitting him to he present 

If this method of treating fractures is as good as its proponents say, all fracture surgeons should knoir 
rnore about it Our Committee on Fractures and Traumatic Surgery is at present, Lith the full cooperation 
of our fellov member, Roger Anderson, attempting to study the use of e\-ternal skeletal fixation in the treat 
ment o fractures Its use in Army hospitals, as I saw it, was attended with too many complications, suchi 
e a} e union, pin-hole infection, and often osteomyelitis The pins were at times inserted without regard for 
t e anatomical structures betw een bones and skin, with an occasional disastrous result The widespread e'en 
IS method had to be prohibited, and the apparatus w'as withdrawn from all except a few hospitals, staf 
by competent fracture surgeons, who w ere allow ed to use it w'here it seemed to be definitely indicated Tht^ 
externa, skeletal-fixation splints are not to be entrusted to the inexpert or inexperienced doctor Even in f ‘O 
expert hands of Dr Naden, several popliteal-nerve injuries and 5 per cent of soft-tissue infections or In® 
irritations^^ ^ere noted 

Dr Naden has given some points in technique W'hich should be heeded He states that he has had no nn' 
sequesto w hich could be attributed to thermal necrosis of bone He has been utilizing open reduction an 
terna \ation, m addition to external skeletal fixation, in an increasing number of patients Here 

nf.int7o+.irvn rxf -fTT wm-xT-- i ■« . , . . ’ unll 

Ih 


vx/ v-vLCixiai otvcictai 111 au iiicreasiiig uumuei ui patiuiixK 

uti ization of tw o methods under discussion today, to emphasize the pomt that no one method — 

a ractures The one obvious advantage of this method is the short period of hospitalization However, 
iip'irp TT'p cVipiiiri 1 PHI ithin ten 


axivautagc ui bins iiieoiiou IS one snoru periOQ 01 nospiiaiii&ttu^^* 
leve we s ould knou more fully how comfortable these patients are after leaving the hospital 
of some of these major injuries 


rtrcatnienf 


This IS an mteresting series of fractuied tibiae, and great ingenuity has been shown in their t 
lany of them w ere serious problems from the time of onset, and in tw'o cases of compound fracture, anip 
tion W'as required eventually 

A great deal of additional data, such as function of the adjacent joints, w ound healing, and tunc of 
healing, could be extracted from this w'ealth of material 

Dr H Earle Conw'ell, Birmingham, Alabama Dr Naden’s report of 206 fractures of t 
treated by external pm fixation, is probably the largest series presented by an individual surgeon U ^ 
the cases shown by Dr Naden, the pins are dangerously near the joint, and it would seem to me 

(Continued on page 613) > 

* rest ^ this discussion was published m The Journal in January 1949, with the paper 
M Wmant, M D , and that by Harrison L McLaughlm, M D , and his associates ^ 
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P l77iOLOGICAL CHANGES FOUND IN MATERIAL REMOVED AT 
OPERATION IN LEGG-CALVfi-PERTHES DISEASE * 


in \Mui>L n II viTiioiiN, ai D , p \ c p , r p A c , Pittsburgh, pennsilvania 

I'roin the 11 tUiaiii II Sinqcr Memorial Research Laboratory of the 
•Uleqheny General Hospital, Pittsburgh 

In 1941, Steele lepoited a senes of cases of osteochondiitis defoimans juvenilis 
(Legg-Calvd-Pci tiles disease) in vliicli he had peifoimed opeiation in the hope of hasten- 
ing healing and shoitening the peiiod of disability He leasoned that, if the debris of the 
neciotic tissue w eie lemoi ed, the head u eic filled with healthy bone giafts, and the extrem- 
ity were put at lest, healing would take place lapidly His opeiation consisted in opening 
the joint and cutting a dooi, ippioximately one-half inch long and one-quaiter inch wade, 
in the supeiioi anteiioi sin face of the head and neck, so that the opening ciossed the 
epiphyseal line He chose the supeiioi anteiioi suiface so that, if any interference occuried, 
it would lesult in coxa a alga instead of coxa vaia He cuietted out the degeneiated tissue 
through this dooi, packed the cavit}’’ with bone curls fiom the femoial neck, and closed 
the wound Following the opeiation, the patient w'as kept at lest in bed wath a hghtw^eight 
extension foi at least tliiee weeks, and then was allowed up on ciutches In most of the 
cases, the peiiod of legeneiation was i educed to about six months and the results w^eie 
satisfactoij’- 

The mateiial upon which this pathological lepoit is based w^as obtained by cuiette- 
ment of the head of the femui in thiit 3 ’’-six patients, opeiated upon in the Oithopaedic 
Department of the Alleghen}’- Geneial Hospital‘s* Thii t 3 ''-three cases w^eie considered 
clmicallj’-, pathologicallj’’, and loentgenogiaphically to be Legg-Calve-Peithes disease, 
one proved to be a vei}'’ eailj’’ osteogenic saicoma, one w'as an eaily osteomyelitis followang 
injurj’’, and one was complicated b}" bilateial dislocation of the hip In addition, material 
cuietted from the head of the femui in patients over tw^enty yeais of age w'^as examined, 
and was found to differ fiom that seen in the average case of Perthes’ disease by the 
absence of endochondial osteogenesis 

The point has been laised that the fiagmentaiy nature of tissue obtained by cuiette- 
ment necessarilj'’ limits the mteipretation of the relationship of the changes w^hich existed 
within the femoral head before surgical removal In a measure that is tiue, j'-et the pieces 
were laige enough to deteimine the chaiacter of the lesions and the relative degiee of 
pathological change The oppoitunity to rei'iew’^ and compaie the lesions in thiity-three 
cases of the disease was unusual and paitially offset othei disadvantages 

As w ould be expected, the curetted material was not alike in all cases, even though 
it was made up of similai elements Wider ranges and degrees of changes were seen than 
those described in reports of single cases Many of the pieces could be identified bj'’ then 
histological structure, and could be used to postulate their probable positions in the oiig- 
mal lesions The reports of cases like those of Gall and Bennett and of Zemanskj'’, wheie 
whole femoial heads weie examined, iveie especially helpful m the theoretical reconstiiic- 
tion of oui cases Fuitheimore, wath curettage theie was no opportunity to examine the 
hgamentum teies for the vascular changes w'^hich have been desciibed as having a causal 
relation to the neci obiosis 


ROENTGENOGRAPHIC FINDINGS 

The roentgen ographic findings aie typical, although there is a discrepancy between 
the loentgenogiams and the appearance of the femoral head when exposed at operation 

* Presented at the Annual Meeting of the Association of American Pathologists and Bacteriologists, 
Philadelphia, hlarch 12, 1948 , _ , , ^ r r . tt , 

** Tnentj-si\ cases i\ere on the Service of Paul B Steele, M D , and ten on the Seiaace of J A Heber- 
hng, iM D 
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The usual loentgenogiaphic findings, as described by Hodges, Phemistei, and BiuimIi 
\\ig consist of flattening of the femoial head with fi agmentation and sometimes cauti 
tion of the ossification centei The pi ocess may involve the epiph3'^seal line, causing the 
neck to become broadei than noimal Sometimes an oval area of reduced density develop' 
in the lateial poition of the neck In untreated cases of long standing, the head becomca 
too laige foi the acetabulum, extends beyond it, and has the appeaiance of having been 
ciushed bj'^ the acetabular iim The desciiptions made at opeiation would indicate thif 
the appearance of ciushing was moie apparent than leal The head was not flattened 
as it appeared in the loentgenogiam, but remained spheioidal, and the caitilage appeared 
noimal except foi thickening The gioss appeaiance of the acetabulum was noimal 
Gill V ho made extensive i oentgenographic studies, divided the disease into a degen 
eiativm phase, lasting appi oxamately one and one-half yeais, an abiupt turn in the cicle 
and the final legeneiative phase, vhich is completed in fiom two to thiee j'^eais Hefound 
that the couise could be shortened by lest and mechamcal means, which take the piessiirc 
of weight-beaiing off the hip In several of his cases the condition was discoveied b 
loentgenogiams before the onset of symptoms, and the earliest lesions seen weie aiea'^of 
neciosis in the metaphj’-sis of the neck of the femui, manifested by iriegulai “holes” ir. 
the bone of the neck These usuall}'^ appeared at the lateial margin of the epiph3^seal carti 
lage, although the central and medial margins were occasionally involved Subsequent 
degene ative changes occuired m the head of the femur, the first legion affected was that 
V hich dll ectl3'^ ov''erla3'’ the degenerated ai ea in the metaph3'^sis Latei , decalcification or 
so-called fi agmentation, with isolated aieas of inci eased density, appeared These finer 
change^' veie followed by those alteiations in the size and shape of the head which are 



Fig 1-A Fig 1-B 

Fig 1-A Case 1 In N T , a white boy, aged four yeais, symptoms had been piesent 
before operation Diagnosis of Legg-Perthes disease was made clinically and panie 

The head is of the mushroom type A reaction resembling that of a benign giant-cell „nogrini 

the material curetted from this head Nothing resembling a bone cyst is seen in this roen b ^ 

Fig 1-B This was the first patient opeiated upon bj' Steele, and bone grafts weie not in 
fiist operation . (in, lit''' 

Roentgenogram taken seven months aftei fiist opeiation 4s healing was not of 

was again curetted and bone grafts weie diiven in Healing followed Bone grafts irom 
w ere used in all other cases , 
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Fig 1-C 


P itliologic ilh , this WHS grouped with ten othei cases showing bone-ejst formation, and had 
the. most pronojiiced s\niptoms in the group Note the veiy dense fibrous leplacement m the 
marrow spaces, loss of pohrit% of the chondiocjtcs, and piesence of osteoid tissue (X 175) 



Fig 1-D 


Several cjst walls contained areas lesembling benign giant-cell tumors Thej were small and 
diffusclj placed, and were backed up bj bonj spicules Note the fattj stroma, the generallj paral- 
lel airangement of the fibroblasts, and the multmucleated giant cell (X 175) 

'geneiallj’’ accepted as typical of the disease Gill’s obseivations aie inteiesting in light of 
the histopathological finding of small bone cysts, to be desciibed latei 

Lipscomb and Chattel ton, in 1942, by means of loentgenogiaphic studies, described 
changes in the acetabulum which accompanied those of the head of the femiii Gall and 
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Bennett verified the acetabulai involvement in then report of a case vath autops} Tho\ 
found increased lacunai lesoiption of bone and iiiegulaiities in endochondial ossification 
Burrovs stated that 10 pei cent of the cases aie bilateial, Hagen leported bilateral occur 
rences m each of two biotheis, and suggested a familial tendency 

In oui senes, the loentgenogiams weie t3'^pical of Legg-Peithes disease The}' showed 
vaiiations in the amount of defoimity and in the density of the femoial head, sometime 
vath consi del able distoition of the head The heads often appealed to be flattened, some- 
times vath a mushioom oi cap-shaped appeaiance When the joint was opened, the di 
toition and flattemng veie much less eaadent than the opeiatoi had been led to expect 


MACROSCOPIC CHANGES 

Zemansky, who lepoited a case of Legg-Peithes disease in which the femoial headwi 
lesected, desciibed the macioscopic appeaiance as folloxvs The caitilage oxmi the head 
XX as thioxxai into folds xxath deep ciypts betxx'een The caitilage xx'as cleai, xxhite, and 
ghstemng In the depths of a ciypt xxas a daik led aiea, suggesting hemoriliage The 
outeimost poition of the caitilage xxas lifted fiom the undeiljong bone and hung in shreds 
Gall and Bennett lepoited a case xxath autopsy, and found that the head xx'as flattened 
on the superioi suiface and cox'eied vith smooth, noimal-appeaiing caitilage The acetab- 
ulum appealed noimal, the synoxaal membianes shoxxed slight villous hypeiplasia, and 
the hgamentum teies xxas slightl}' flattened In Lippmann’s case, flattening of the cret 
and giooxes xxeie piesent giossly, and the hgamentum teies piotruded shai ply from 
the fovea capitis It xx as sxx ollen and oedematous 

The gloss desciiptions in oui cases xxeie made at opeiation by the suigical assistant 
The maioiity of the heads xxeie desciibed as spheioidal, smooth, and glistening, and the 
caitilage xxas said to be unusually thin Some shoxxed shght flattening xxath caitilage of 
unexen thnkness, some xx'eie said to be slightly “eioded” Otheis xxeie fiagmented, and 



Fig 2-A 


Fig 2-B 


Fig 2 -A Case 3 R B , a xi hite girl, aged five j eais, had had S 3 mptonis foi about disc'i'O 

operation The clinical, roentgenographic, and pathological diagnosis xxas Legg-i 
Pathologicalb , the case presented all of the changes except bone-c 3 'st formation +i,,piening 
Fig 2-B Four months after operation, the condition xx as healed Shortening ana i 
neck were present 


and 
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Fic 3 

Case 8 In L H , a white girl, aged seven jears, sj'mptoms began four weeks before operation 
Clinical and rocntgenograpliic diagnosis of Legg-Perthes disease was made Pathologically, the 
case was grouped wnth the predominantly degenerative lesions The upper right portion shows 
marrow spaces, filled witli necrotic material Two bony spicules are necrotic At the left and be- 
low are broken lines of osteogenesis In the left lower corner the chondrocytes have lost their 
polaritj (X 135) 


one 01 two weie loosened In two oi three instances, mtracartilagmous cysts w'^ere men- 
tioned The contents of tlie heads were desciibed as cystic and as containing soft spots, 
neciotic mateiial, and softened bony spicules Four cases showed hyaline caitilage, ex- 
tending down the neck as fai as the trochanter In one instance a band of inflamed con- 
nective tissue was found, attached to the neck In seveial cases small cystic areas were 
present in the neck, and evidence of bony absorption of the neck wns mentioned twnce 
No inflammatoiy processes were described in the soft tissues, and nothing was said con- 
cerning the hgamentum teres 

In the laboratory, the tissue obtained by curettement w^as described as soft, necrotic, 
and as containing bony spicules and bits of cartilage The color of the contents w^as gen- 
erall}'^ given as brownish-ied All the curetted material had to be decalcified before being 
sectioned 


HISTOPATHOLOGICAL CHANGES 

In the thirty-three cases that weie clinically, pathologically, and roentgenographic- 
ally identified as Legg-Perthes disease, the microscopic changes followed a similar pat- 
tein Usually the biggest piece was caitilage, and could be identified as a part of the 
surgical door, removed at operation to gam entrance to the femoial head and neck In 
some of the cases the door w^as sent as a separate specimen, wnth a different number 
Smaller bits of cartilage, wnth degenerated areas on tw'o sides, w ere accepted as portions of 
the epiphyseal cartilage Hemoirhage w^as a constant feature, but was discounted, since the 
mateiial had been scraped out of the head or neck wuth a curette 

It w'ould involve too much repetition to give either the clinical histones or the patho- 
I logical changes for each case The lesions wall, therefore, be discussed, and the cases wall 
be grouped according to the predominating changes found 
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Fig 4 

Case 13 F H , a w hite boy, aged seven years, had had symptoms for eleven months before 
operation Clinical and roentgenographic diagnosis w as Legg-Perthes disease Pathologically 
was grouped wath the degenerative and crushing lesions The marrow spaces are filled wath debn'' 
and displaced bony spicules In the lower central areas and in the upper right portion, irregular 
ossification is taking place (X 135) 

1 Degenei ative Changes 

In evei}^ case, moie oi less degeneiation, neciobiosis, oi neciosis ttas present inthoiit 
anjr local evidence of the cause The least destiuctive lesions involved the contents of tlif 
maiiov spaces, and consisted of neciosis of the cells and stioma Theie was constanth a 
diffusion of chiomatin throughout the aiea, and the fatty stioma disappeaied, togethff 
with noimal maiiow cells In some such aieas theie was no evidence of lepair, while w 
otheis the spaces weie filled with a loose, A\ateiy-appeaimg fibious tissue, infiltiateo wi 
a few lymphocj’^tes and mononucleai cells Some of the mononucleais weie phagoc)te 
for blood pigment and othei debris In some of the cases atiophic maiiow with a few pea 
sistent mairow cells occupied spaces adjacent to the necrotic aieas Segmented leukoc) 
weie uncommon, and in only two of the cases w’^eie they piesent in numbeis sufEcien 
laise the question of concuiient infection The absence of infection w^as suppoited 
negative cultuies In moie advanced lesions, necrosis w^as extensive and complete, 
mg not only maiiow, but caitilage and bony spicules fiom bioken tiabecidae 
neciosis as a basis, othei changes to be desciibed weie supei imposed 


2 Cl vshtng in Neci otic Aieas ^ 

In SIX cases, theie was a pionounced appeal ance of ciushing oi jamming 
the degenerated elements, wath too many different processes involved for the 
occupied There wms no gross evidence of crushing of the head in these cases, w 
the finding hard to explain As w^eight-bearing is generally accepted as 
cause and relief fiom it as sound treatment, it is probable that the femoral 
resilient in situ than it appears, and permits the transmission of piessuie to 
Again, m some cases the process ma}^ be more active than in others and i: 

show moie changes pei cubic milhmetei Finally, the crushing may not ^ g^ft nia 

the head, but may have been caused by the piessure of the cuiette on unusua j 
teiial 
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Fig 5- a. 


Case 10 E H , a white bo 3 of tight jcais, had had sjmptoms for two 5 Tais The clinical and 
roentgenographic diagnosis was Legg-Perthes disease Pathologicallj% this was grouped with the 
fibrocj Stic cases Other fields were Upical of the disease A portion of thiee cjsts is shown (X 135) 
The walls are fibrous and contain small giant cells 



Fig 5-B 


In the upper left corner, the polantj^ of the choiidrocj tes is disturbed and irregular ossifica- 
tion IS present The dense type of fibrous replacement of marrow, regularlj found in cases of 
Legg-Perthes disease with cysts, is seen in the upper right corner A cjst with fibrous and bon% 
walls is found in the center, and bonj -walled cjsts, lined bj a thin, fibrous la^cr, occupj the zone 
at the lower left (X 135) 

The noimal architectuie was lost in these cases, and neciotic tissue was compressed 
between pieces of bone and osteoid tissue in a conglomei ate mass Bits of eaitilage, bone 
and gianulation tissue weie compiessed into about half the space that such stiucttiics 
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^^ould noimally have occupied in unaltered bone The intiatrabeculai spaces were filled 
with homogeneous debris Iriegulai bits of displaced caitilage showed fragmentation 
with loss of nuclei, 111016 others weie undei going ossification The caitilage in these area 
appaiently included bits from the operative door, the epiphyseal cartilage, and pieces of 
straj'- caitilage distributed indiscriminately throughout the head 


3 Repai ahve Pi ocesses 

Side b 5 '- side with the degenerated areas, islets of healing were commonlj^ found 
These varied fi om simple fibrous replacements of marrow, infiltrated sparsely mth lymplio- 
cjdes and occasional leukocytes, to dense bands of compact fibious tissue All througli 
the tissue which had been curetted, there w^eie trabeculae of bone having unossifiedcen 
teis In some cases almost normal osteogenesis wms present in one piece, w^hile in neighbor 
mg bits there were fibious cysts and hetei omorphic osteoid tissue under formation 


4 Giant-Cell Reactions and Cystic Reactions 

Foieign-bodj'’ giant-cell reactions occurred in Welve cases This does not mean that 
the giant cells were confined to osteoclasts around bony spicules, although thej^ too, 
weie sometimes present Typical multinuclear foreign-body giant cells wmre collected 
about necrotic areas in several cases Lippmann mentioned giant cells as a part of the 
inflammatory reaction m his case In some of the cases thick, fibrous bands of connectne 
tissue were present, w'hich formed cysts, lesembhng a reaction of osteitis fibrosa cystica 
Giant cells might or might not be present in the cyst walls In one case, w^hich was other 
w ise typical of Legg-Perthes disease, there wms a giant-cell cyst resembling a bemgn giant 
cell tumor , and in another, a small osteoid osteoma, no larger than the head of a pm 


5 Changes in Caitilage 

As already mentioned, the loss of polarity of the cartilage cells wms the outstandiaf 
cartilaginous change, and was present to a greater or lesser extent in all cases The chondro- 
cytes were arranged in angular patterns, suggestive of constellations on the blue carti 
lagmous backgi ounds Many pieces of cartilage w^ei e peneti ated by ai terioles with a bor 
dei of mesothehal tissue about them Some of the spaces w’^eie filled with blood, in ot era 
the vessel wms no longer present, but a small cystic space containing red cells persise 
Such changes occurred in the cartilage from the operative door, epiphyseal cartilage, 
sti ay bits of car triage fi om incompletely ossified trabeculae, indiscriminately distribu 
throughout the femoral head 


6 Vasculai Changes 

As a rule, there were no vessels m the degenerated areas Capillaries and 
walled aiteiioles were present in the marrow spaces and w’^ere especially I,, 

those filled with fibrous tissue There w'^ere no consistent vascular changes and no t 
The presence of intermingled living and dead tissue seemed to argue against m arc i 
the cause of the necrosis 


7 Resemblance to Scurvy and Rickets 

Burrows mentioned tw^o cases of bilateral Legg-Perthes disease, - 

iickets Some of the lesions in our cases w-^ere suggestive of the changes seen m 
that IS, there w’^as no normal set pattern of ossification There was an excess o 
tion m places, displaced osteoid tissue, and fibrous replacement of the marr 
changes also resembled rickets m that there w'as no line of demarcation betw 
cartilage, there w^ere displaced osteogenic patches, and numerous osteoblas sa 
clasts were seen m the ossifying areas 
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Sunwimy of Ili'^toloqical Changes 

The picfccnoc of aseptic ncciosis affecting maiioM, caitilage, and bone, the fibio- 
blasde clianges, and the uneven lines of osteogenesis neie consistent mth the findings of 



Fig 6-A 


Case 31 E T , a w lute boy of seven years, had had symptoms for si\ months before operation 
Clinical and roentgonographic diagnosis was Legg-Perthes disease Pathologicallj , this case 
showed all of the changes characteristic of the disease and, in addition, a portion m ^hich ossifi- 
cation Mas more or less orderlj The chondrocjdes at the right side are arranged in parallel col- 
umns and the osteoblasts appear normal, while the mariow spaces in the lower left corner are 
filled wnth necrotic tissue ( X 90) 



Fig 6-B 

An area (X 90) showing almost all of the pathological changes of Legg-Perthes disease Xote 
the resemblance to scurvy 
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Fig 7 

Case 16 G H , a w hite bo}', aged five jeais, had had 33 mptoms foi one 3 eai Note the of 
polaut3 and distortion of ehondi 003^68 in epiph3seal eaitilage Note c3stic changes 111 the chon 
dioc^tes (X 120) The patient impioved aftei opeiation, when given ehoi ionic gonadotropin 


Zemansk}'-, Gall and Bennett, Lippmann, and otheis The geneial plan of the lesion"' 
similar foi all cases, but the vaiiation in degiee of the respective changes ivas con^n 
eiable Giant-cell reactions hav^e been mentioned in other papers, although the pie'eni 
of fibrous cvsts benign leactions like those of giant-cell tumor, loss of polarity of theehoi 
diocv'^tes, and hemoiihagic C3’^sts in the cartilage have not been emphasized Attentic 
has also been diavn to the resemblance of the changes both to scuivy and to iicket' 

Relation of Age of Patient and Duiation of Symptoms to Type of Histological Lesion 

All of the cases veie lestudied to see if theie was a consistent relationship bet"ft 
the lesion, the duration of s3"mptoms prior to operation, and the age of the patient 

Seven cases that veie predominantly of the degenerative type occuned in cni<f 
from four to ten j'^eais of age The sj'^mptoms had been present from thiee veeLs 
months Crushing 01 apparent collapse and moderate repair occurred in patients r 
seven to eleven j^eais, vutli symptoms present from one week to twenty months Ca 
which there was a predominance of leparative changes included patients ‘b 
vmried fiom fivm to twelve jmais and whose symptoms had been present from five toeic 
een months The largest gioup, that wuth fibi ous-c3'’st formation, included tw'elve ca 
se^ en in w hich the C3"st w alls had few" 01 no giant cells, and five in wdiich giant-ce ^ 
were sufBcientb" prominent to suggest benign giant-cell tumors As mentioned 
one case the lepaiative process stimulated a small osteoid osteoma It was 
this gi oup w ould be made up of older childi en wuth s3’-mptoms of sevei al months I'n 
but it was not For example, the most pionounced case of cystic change 
aged four, whose s3’-mptoms had been piesent for onl3" tw"o months All of the ^ 
this group w"eie between four and eight 3'-ears of age, and then s3’’mptoms had 
from two to eighteen months Save that all of the cases w"eie piepubeial, 
from these data that no relationship was found betw^een the age of the patien , 
of s3"mptoms, and the t3"pe of lesion 
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Ilisiopathological I'uidings Bcaung upon Hypotheses of Pathogenesis 

The actiul c iiibo oi c luscs of Legg-Peithes disease aie not kno\\n, although many 
livimllieses li nc been cKl^ meed The nioic common ones will be discussed in the light of 
Ihe histopilhologicd findings which tend to suppoit some of them, thiow^ doubt on some, 
ind exclude olheis Idic Ihei ipculic agents mentioned in the discussion aie not cited foi 
the pill pose ol tiednient but because they seem to give indiiect evidence that endociine 
distui bailees no .dlied with pathogenesis 

Ti iiiim IS the most i ommonly cited pathogenic factoi Legg suggested tiauma as the 
piobable cause in thlll^-se^en clinical cases Goldenbeig lepoited five cases fiom the 
htcntiue and one of his own in which Peithes’ disease follow^ed mjuiy, one w^as a tiau- 
mitic dislocation of the light hip followed by Peithes’ disease Many othei authois have 
consideied ti iiima the most impoitant etiological factoi In seven of the authoi’s cases 
theie w IS a histoiv of accident, but all of them weie moie oi less tiivial, — one child 
twisted a leg while swimming, one was kicked b3'- anothei boj’- while plajung, the most 
sexeie accident was a fall fiom a foui-foot wall In the othei cases, the disease developed 
msidioush', so it seemed piobable that the accidents weie pi ecipitatmg factoi s lather than 
ictual causes Micioscopicalh’’, the onh’^ exudences of injui3’' xxeie possibl3’^ those of slow 
ciushing and lepaii In no case did the lepaiative changes suggest callus foimation, 
eithei lecent oi late 

Among othei conditions that ha\e been suggested as causes of Legg-Peithes disease 
aie acute infections, paiticulail3" those pioduced by Sti eptococciis vindans tubeiculosis, 
syphilis, and congenital anomalies The3’' could all be excluded in our senes, because the 
lesions which chaiacteiize them weie absent fiom the histological sections 

Seveial lefeiences m the hteiatuie indicate an association with vitamin and hoi- 
monal deficiencies and with othei metabolic distuibances Hypei pai ath3u oidism has been 
suggested Oui cases vith bone C3'^st-hke changes lesembled osteitis fibrosa cystica m a 
measuie Wheie blood-chemisti3'’ studies weie made, both b3 Gill* and b3' the authoi, 
no consistent distuibance was found in the calcium-phosphoius-piotem-phosphatase 
latios Moieovei, the C3’^sts weie confined to the femoial heads and weie usualty solitary 
In Gall and Bennett’s case, theie weie distuibances in most of the blood-chemistiy con- 
stituents The patient was a bo3’’ who had long been known to have lenal insufficiency, 
suggesting that factoi s othei than Peithes’ disease w'eie lesponsible foi the chemical 
distuibances 

H3’^poth3a oidism has leceix'ed moie suppoit than h3'^pei th3U oidism Albiight likened 
the changes in the hip joints to those occuinng m cietins, and leported a case that im- 
pioved undei th3uoid administration Cax^naugh, Shelton, and Sutheiland, and Schaefei 
and his associates found exudence of an association betxxeen Legg-Perthes disease and 
h3^poth3u oidism Caxmoaugh, Shelton, and Sutheiland lepoited fix’^e cases in xvhich the 
patients impiox'^ed aftei thyioid administration Gill*, aftei caieful stud3’^ of txventx" 
cases, including blood-chemisti3'’ tests, basal-metabolic examinations, and loentgeno- 
giaphic plates foi bone age, concluded that theie x\as no evidence that the disease xxas 
due to hypothyioidism 

The bone age lagged behind the chi onological age m all fix'^e cases of Cax^anaugh, 
Shelton, and Sutheiland One shoxx^ed the stigmata of sexual undei dex^elopment Gill found 
the bone age less than the chi onological age m some cases, and s3mchionous xxith it in 
othei s Bone-age studies in the piesent senes xxeie done on those cases lefeiied to our 
Reseaich Depaitment in Endocrinology and Metabolism Generall3’’ the bone age xxas 
behind the chi onological age, but in one case the bone age xxas gi eater Grauer consid- 
eied this case to be a h3'^pothalamic t3'pe, and the patient xxas treated xxitli chorionic 
gonadotiopin and xxith gioxxth complex Recox ei 3' xxas lapid xxithout opeiation, and there 
xxas no oppoitunit3'^ fo examine the contents of the femoial head 

* R C Griuei, M D , Director of Research 
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Fig 8 

Case 24 J S , a ii lute boj', aged eleven years, had had symptoms for seven months before opcr 
ation The case was clinically, roentgenographically, and pathologically Legg-Perthes disease 
The photomicrograph (X 135) shons a small area resembling an osteoid osteoma The structure 
V as smaller than the head of a pm 


The cartilaginous changes in Case 16 were unusual 

In G H , a white boy, aged five, who wasobese, had a small penis, retractile testes, and other sigasof'cna! 
underdevelopment, healing was not so rapid as usual after the Steele operation The roentgenograms oU ’ 
hip vere typical The patient v as referred to the Department of Endocrinology and was treated 
omc gonadotropin, he made a gradual but complete recovery On restudy of the sections, it was found t 
the changes n ere typical of Legg-Perthes disease, except that the normal osteogenic pattern in the epiph'^ 
cartilage n as absent It n'as replaced by a radial pattern w ith a central hub, made up of giantrsized carti s, 
cells lying m cystic spaces (Fig 7) Radiating from it were columns of cells winch vaned in size and sts'n® 
reactions There was no bone formation m the nucleus, although there were bony trabeculae on ear 
of it 


The case is cited foi its piobable lelationship to sexual underdevelopment GraufJ 


thinks that Legg-Pei thes disease is not necessai ily i elated to sexual deficiencies. 


but tli'l 


several metabolic distuibances may be partially responsible and that each case should 
studied individually 

Brailsford, Feiguson and Hoivorth, Lippmann, and otheis believe that the necr^^ 
is due to changes in the blood supply There iveie feiv vessels of appreciable ^ 

tissue cuietted, theie ii as nothing in oui mateiial eithei to confiim oi deny the impo’' 
of such changes, and the Iigamentum teies could not be examined ^ 

We examined tissue curetted fiom the femoial head m two cases diagnosed 
chondiitis coxae in patients between twenty and thirty yeais of age Both showe 
replacement of mariow^ and one had a small exostosis Theie w^as no uiegular hno 
fication or endochondial osteogenesis, and, in the absence of fiacture, none 
pected, because union of the epiphysis and metaphysis is usually completed at 
eighteen 


CONCLUSIONS ^ ^ ^ 

1 The changes in the head and neck of the femur m children with 
w^ere constant within fairly nairow limits, and included aseptic neciosis or 
evidence suggestive of ciushmg, concunent degeneration and repair, pai la 
of displaced cartilaginous tissue, loss of polarity'- of chondiocytes, sma ca 
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cj'sls, and iieas of fibi ous-cj’^st foimation Mith giant cells in the walls, similai to those 
found in osteitis fibiosa cvstica 

2 The pathological changes aie those of distuibed metabolism rathei than of tiauma 
01 infection, and suggest that each case should be studied for bone age and distuibances 
due lo hoimone and ^ itamin deficiencies As no single deficienc}'' seems to be piesent in all 
cases, each case should be studied individually 

3 Removal of the contents of the head should in itself be beneficial, since it elim- 
inates debus that may lead to the foimation of cj^sts and giant-cell leactions 

4 The inteipietalion of Legg-Calvd-Pei thes disease, based on a study of the ma- 
teiial piesented, is (a) that the disease is piimaiily a piepubeial degenerative condition 
with aseptic ueciosis of the epiphj’^sis and uppei poition of the metaplij^sis of the femui, 
depending in pait upon some deficiencj’-, (b) that the head becomes weakened to the 
point where veight-beaiing injuiies lead to slight flattening, and (c) that the lemamdei 
of the changes lesult fiom fiustiated attempts at healing, which aie obstructed bj'' the 
piesence of degeneiatcd and displaced bone constituents and further complicated bj'' the 
continued injuiies of veight-beaimg 

Note The author’s sincere thanks arc acknowledged to Paul B Steele, M D , and J A Heberling, i\I D , 
of \lleghenj General Hospital, for the privilege of reporting the pathological findings in their cases and lor 
assistance in stud3nng their records 
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LOW INSERTION OF THE HIP NAIL* 


B'i MORTON H LEONARD*-^, M D , CHICAGO, ILLINOIS 
Fiom the Department of Orthopaedic Suigcry, Wesley Memorial Hospital, Chicago 

One of the common causes foi failure in the mteinal fixation of fiactuies of the neik 
of the femui and of inteitiochanteiic fiactuies is that the metal cuts its way out of the 
head oi neck This is sometimes due to a maiginal position of the nail oi sciew in the 
head^ - ^ k and, paiticulaily in inteitiochanteiic fiactuies, to a low inseition of the nail 



Fig 1-A Fig 1-B 

Photogiaphs and loontgenogianis of the femui, illustiating too lou inseition of the nail 




Fig 2-A 


Fig 2-B 


Posterioi and lateial views of low nail, placed posterioily 


Tlieie IS a lengthinse iidge of bone m the neck of the femur, in the loentgenogiapl*'^ 
shadoM of nhich a badly placed nail oi other device for internal fixation raa}'^ give tl'*’ 
deceptive appeal ance of being mthin the confines of the bone In cross section, the nec 
of the femur has the shape of a teardiop A nail mseited in the bulge of the teardrop 
actuall}^ centiall}'’ placed and so appeals in the anteroposterior loentgenogiam On 
othei hand, a nail which has been mseited too low m the neck may he in part outside 


* Demonstrated as Scientific Exhibit, at the Annual Meeting of The American Academj' of Orthopaed 
Suigeons, Chicago, Illinois, January 22-27, 1949 Training 

** Formerlj Fellow in Orthopaedic Surger 3 ’^, Northwestern Universitj’’ Medical bpeciaiti 
Program 
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I'lr 3-A Fig 3-B 

l*ig 3-A low mil, pi ic( (I intdimh 

I'lK 3-B Altlioufili n 111 lu'' oiKsuU tlu tuiK, inllu kh nlgtnogi ims it has the ippLaiaiiLc of Ijing 
within tlu nock 

coite\, ind ac( gne the locnlgcnogt.iphic appeal ance of being ^\ithm the neck (Figfe 
1-A thiougli 3-B) 

Both roentgenogiapluc piojections must show the nails oi sciew^s to be centially 
placed Maximum engagement in the bone of the head is obtained by the avoidance of 
maiginal placement 
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DISCUSSION 
Fractures of the T ibia 
{Continued from page 598) 

situation risks joint injurj , if not delajed function of that joint In certain cases I would have skeletal 
traction and later a cast, and in other cases I would have done a simple closed reduction and apphed a cast to 
the extremity with the expectation of good results In one case that Dr Naden showed, m which the patient 
had a rather marked oblique fracture of the lower end of the tibia with displacement, as well as a fracture 
through the uppei end of the fibula, I would have done a simple internal fixation by using screws Such open 
operative technique is generally simpler than prolonged external pm fixation and produces, in my opinion, less 

potential infection than external pm fixation r-. x- j > Wr.,. ,r. 

The followang remarks do not apply exclusivelj to the technique used m Dr Naden s ' 

order to present a fault of internal pm fixation (one example being the intramedullao^ pm 
®oher and others), I wish to say that the intramedullary peg was discarded > earn ago ^ ‘ J 

the beef-bone peg used by Hendon and the cow-horn peg used bj Fowler and others ob ect.on to such 
intramedullary peg fixation was that it produced too much tiauma to the vital bone-healing area at the f ac 
ture site, causmg non-union m a la.ge number of cases Too often such 

surgical approach than does simple internal Ration A treatment, but deal 

iwth each casJafan mdiwduM pmWem,‘'Ind ap'plx the treatment to the fracture and not the fracture to the 
treatment 

{Continued on page 61S) 
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THE DISC SYNDROME 


Results of the Conservative Care of Patients vtth Positive Myelograms 


BY PAUL C COLONNA, M D , AND ZACHARY B FRIEDENBERG, M D , 
PHILADELPHIA, PENNSYLVANIA 

From the Department of Orthopaedic Surgery, 

Hospital of the University of Pennsylvania, Philadelphia 


Since Alixter and Barr first presented the concept of back pain and sciatica resulting 
from a displaced nucleus pulposus, this syndrome has been recogmzed with increasing 
frequency As with most scientific advances, the clarification of the pathological changes 
has raised a host of nev problems, which are still partly unanswered The role of the 
herniated disc in the broad picture of backache and radicular pain is controversial Some 
clinicians believe that the disc accounts for a small fraction of such cases, while others be- 
lieve that all back pam wuth radiation is encompassed within its limits Widely divergent 
new s exist regardmg operative indications, the extent of the operation to be done, and the 
question of whether or not spine fusion should foUow^ disc removal 

A start has been made on the clarification of some of these problems The results of 
disc surgerj’^ have been adequatelj’’ reported in articles b3'^ Grant and his associates, 
Shmners and Hamb3^, and Lenhard Less has been reported, how^ever, about wLat happens 
to those patients with clinical and m3mlographic e\udence of a definite disc lesion, vho 
have been treated conservativel3'’ Conservative treatment of proved ruptured interverte- 
bral discs IS not wTdel3’- accepted A report of such a nature has been made by Kirstein 
In a reAuew of the literature, no others w'ere found It is the purpose of this paper to e\ 
amine the results of this form of therapy 

At the Hospital of the Universit3'' of Pennsylvania, almost all of the cases of low-back 
pam and radicular pam are treated b3’’ a period of conservative thei ap3'’, consisting of be 
rest on a firm support, traction, adequate sedation, dail3’’ ph3’-sical therap3% and, when the 
patient is ambulator3'', some form of back support If the patient fails to respond to the'O 
measures within a few weeks, and if there is a histoi3’’ of repeated attacks of severe paiH) 
a m 3 '’elogram is indicated If he is having an acute, intractable attack, and if there i 
defimte m 3 ’^elographic endence of a protruding mass, surger3’' is usually resoited to 
The selection of patients for results on a non-operative basis poses a problem no 
encountered m the reporting of an operative series Emplo3ung onl3'’ clinical means, 
be3mnd question select a patient ha^ung a ruptured or protruding nucleus pulposus ® 
authors believe this is not possible at present At this time m3’’elographic studies, 
pantopaque as the contrasting medium, offer the best confirmatoi3’^ e\udence of 
ence or absence of protrusion of the dural contents or its roots Factors as yet incomp e 
investigated prevent a final, certain diagnosis from clinical findings alone Some ® ^ 

are the role of the concealed or hidden disc, mjur3'^ to the annulus, root adhesions, ^ ^ 
matory changes of the nerve from adjacent arthritis, pressure changes in the 
and referred pam from ligamentous injury or postural strain, — all as yet to be comp 


unraveled , 

The group included in this stud3’^ is small, but has been carefully review’^ed 
eight patients studied, tw enty-three wmre exammed personally and the other v 
complete answers to a questionnaire In each patient a chnical diagnosis of pro^ 
nucleus pulposus w as advanced Such a diagnosis was usually based on a histor3 
ache and radicular pam, associated with findings of impaired spinal mobility, spasm 
erector muscles, positive straight-leg-raismg test, and sciatic scoliosis In addition, 
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soiison clnnji;!"' nul -iliopln of tlio Iowcm liinl) wou* ( omnionplace Routine roentgeno- 
gi.inis ol tlioluinhu spine nul pehis weieeilliei negative oi showed some intei vertebral 
ivniowing J he palii'iits weie scmmi in (onsnilalion in (he ciepaitments of Orthopaedic 
Siiigen, Neniosingen, nul Neniolog^ I'/u h p.itient was given an oil myelogram by 
incmbois of (he K uholog\ Deiintment, .i deliinte diagnosis of a piotiudmg mass m the 
hnnbn t mil w is noted nndei (he Ihioiosiope nul was confiimed by anteioposterior, 
oblique, ’iiul hiteril \iews of (he oil eolinnn Patients with only an myelogiams were ex- 
cluded fiom (Ins s(u(h bei lUse of (he uineh ibilitc of (his diagnostic medium Inaprevious 
repoit^, ni nul oil nnelogi qiln w is coiielated with opeiative findings This showed 
1 high degiee of leiui le^ foi oil, but negitne in studies could not be legaided as con- 
clusive 

The Iwentc-eight pitients m (his s(nd\ weie followed fiom one to eight years after 
In^elognph^, with in a\ei ige follow-ii]) of 2 7 ^ells Nineteen males and nine females 
coinpiisod (he gioup 1 he nei ige ige was (hn(\-nine, the oldest patient w^as sixty-seven 
and (he couiige'-t. sp\on(een \eiis Vll jiitients weie tieated with biaces, lestricted ac- 
tiM(\, and phvsu il (heiap\ following (hen hospitalization Twenty lesions w'ere in the 
fourth to fifth lumb ii inteisp u o, si\ m (he fifth lumhai to hist sacial mteispace, and three 
in the third to fouith lumb ii inteispue In one case the lesion w'as multiple 

The numbei of patients is small, is it is oui piactice to do myelograms only on pa- 
tients who nc to be opci ited upon 'riiii teen patients impioved lemarkably wath bed rest 
and tiaction In four, suigen w is withheld, as this was the initial attack In seven others, 
the suigeon felt th it (he pain .it the time of examination was insufficient to w’^arrant op- 
eration Foui patients icfiiscd suigeiv It mav be pointed out that this group represents 
a cioss section of jiaticnts moio handicapped than would ordmaiily be tieated non- 
opeiativeh, as suigen "as anticipated in all 

RI SULTS 

The results in (his «ciics aie viewed in lelation to mateiial fiom a prioi study con- 
ducted m this Ho«pi(aP, in which ninetj'^-five patients w'ere examined one to five years 
aftei remo^ al of t he lumbai intei \ ei tebral disc In both of these investigations the patients 
were studied under the following gioupings 

1 Pam-Frcc 

This indicates that the patient is at picsent wmiking, is completely fiee from symp- 
toms, and that such an as3’’mptomatic peiiod is of moie than one yeai’s duration Usually 
it indicates that the patient has been well since his hospital stay, often considerably 
longer than a 3'’eai In spite of the absence of complaints, how'ever, all of these patients 
cannot be consideied to have noimal backs, both those with and cvithout surgery have 
been reluctant to engage in any stienuous activit3'^, and they often demonstrate anxiety 
about futuie attacks 

In the non-operative gi oup, eight patients (29 pei cent ) wmre in the pam-free cate- 
gory , in the operative group, fifty-seven patients (60 per cent ) 

2 Residual Pam 

In this category aie patients complaining of some lesidual or recuiient backache, 
either alone or in addition to radiculai pain The pain ranges from occasional mild dis- 
turbances to severe unremitting backache and radiculai pain Of the twenty patients m 
the non-opeiative group w'ho complained of residual pam, fourteen had backache plus 
ladicular pain, two suffered only radicular pam, and four complained of backache alone 
Those patients in this category wnth maiked disability are considered separately Many 
weie satisfied with their status Twmlve patients m this category (60 per cent ) suffered 
occasional pam, the lemamdei complained of constant pam Such residual pain most often 
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TABLE I 

Results in the Non-Operatre and Opfratre Series 


Patients Fiec Patients -n ith Patients 

from Pam Residual Pam Dissatisfied 

(No ) (Pei cent ) (No ) (Per cent ) (No ) (Per rent ) 


Non-operatnt 8 29 20 71 9 32 

Opiiituc 57 60 38 40 12 13 


IS pictipitated b}' fatigue, event oilc, or a specific act of heavj'- lifting oi tuistiiig of the 
spine 

In the non-opei ative gioup, t\tent 3 '- patients (71 pei cent) t\eie in this categon, 
111 the opeiatne gioup, tliii t 3 '’-eight patients (40 pei cent ) 

3 Dissattsfied Patie7its 

Undei this heading aie those mtli lesidual pain t\ho aie subject to seveie, lecuiring 
attacks of back pain and ladiculai pain Some of these patients lose time fiom uoik eadi 
veai , otheis aie unable to work In this categoiy, the aveiage peiiod of disabilit}' since 
the onset of the pain has been ovei seven yeais 

In the non-opei ative gioup, nine patients (32 pei cent ) aie dissatisfied, in the opera 
tnc gioup, twelve patients (13 per cent ) 

In ele^en cases followed thiee oi moie yeais with non-opei ative therapy, the results 
paialleled those of the entiie gioup Of the foiii patients in the total gioup of tuenti 
eight who lofused suigeij’', two were dissatisfied, while the othei tw'o weie pain-fiee under 
( oiisen ati\ e caie 


T\BLE II 

hi I 1 CT ON Of CUPATlON 


_ _ 

Patients 


Laboren 


Changing Woik 

N umbel of 

Changing Work 


(A'o ) (Per cent ) 

Laboieis 

(No) (Per ml) 

Xon-opci ilivt 

12 43 

13 

10 11 

Opcritivc 

19 20 i 

1 

48 

15 31 


OCCUPATION 

Twelve patients in this studjf (43 per cent ) weie foiced to change then tjT® 

Of thiiteen laboiers, ten (77 pei cent) sought hghtei work In the opei ative series, nine- 
teen patients (20 pei cent ) changed then wmik and fifteen of foity-eight laboieis (31 
cent) shifted to lighter woik 


THE An ELOGRAPHIC DEFECT 


Each defect in the oil column w^as classified as mild, moderate, oi seveie, j 

upon the degiee of encioachment of the disc If less than half of the column wasin en 
this was legal ded as mild A defect of moie than half the column w^as called mo era^^ 
while any piotiusion which dnnded the column was called seveie Theie " ^ pj.p 
(50 pel cent) mild defects, nine (32 pei cent) model ate, and five (18 pei cent) 

As fai as w e could estimate, the size of the defect in the spinal canal as view ed m t le m 

iniVT 
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frnm sliowf'd no lolilion (o llio m of sympfoms, oi (o the clinical 

(OIII-C ol llic pilK'iit I liK'o M'M'IC (IcIci ts ocdiMcfl III paiii-fu'c p.Uieiils, and five of the 
nine disdlisfiod pideiils had mild delects I hc'se nn el()f>;i aphu defects aie not hilly 
iiidic itne of the tine si7e ot the disc, noi dothe\ ucni itely locate the site of oiigin within 
the inteispue 'Phc'ie is no ic'ison to behcne tint the compicssion fiom the disc lemains 
statu The occ'uiienc e of multiple leiite itt ii ks m niaiij patients is oblique evidence that 
ell iiicc's do oc c ni 


C I IMC \I l INDINGS 

Tlieie lie no dehnite fcsituic's in the clinical examination which enabled us to piog- 
iiostic ite w hic h j) itients w ould be* i ehe\ ed b\ c onsei \ atn e theiapy and w Inch would suffei 
icpeited ittacks I’ltients (omphiiumg of pun it the time of follow-up examinations 
ilenioiisti ited some oi ill of the findings indicated d'hosc who weie pain-fiee piesented 
decision il .itiopln is well is leflex incl senson ch.inges In 30 pei cent of this senes the 
icflcxcs which had been diminished oi ibsent it the time of hospitalization, w'eie fully 
icgained 


DISC l sslOX 

Sjmie fusion combined with disc iemo\ il h is been fa\oiabl 3 ' lepoited by Ban The 
coinbuicd opeiation lesiilted in i significant decicxise of lesidual pain, both in the back 
ind in the extiemit\ e know of no lepoit in which spine fusion alone w'as peifoimed on 
patients with chnieil incl nnclogi ipliic e\idence of disc piotiusion, although we have the 
impression tint pieeeding populinti of the “disc s 3 '’ndiome’’, fieedom fiom pain was 
achieicd hi the fusion opeiation in some cases of this tjqie 

The diagnosis of heinntcd intei \ ei lebial disc is being made moie fiequently It is 
conimonlj thought that this diseisc undeigoes healing b}^ natuial piocesses in a laige ma- 
joritj" of non-opci itne cases Conseivatne tieatment is intended to assist such healing 
by minimizing those sti esses that pio\ oke symptoms This study confirms oui impiession 
that, whene\ei the extiuded mass has i cached a stage wheie it can be visualized by myelo- 
gram, the piognosis under non-opeiative theiapj'' is pool Some of the patients now fiee 
fiom pain can expect fuithei difficulties 

In this stud}’', 57 pei cent of the patients have been intei mittently disabled for five 
5 ears oi longer If a lepaiativc piocess occuis, it is time-consuming and robs the pa- 
tient of manj’ jmais in the pioductive span of life Perhaps the more optimistic reports 
of conservative theiapj' aie engendeied bj’ obseivation of an earlier stage in this syndiome 
Perhaps, also, othei conditions with a moie favoiable piognosis have been diagnosed as 
herniation of the disc 

Kirstein followed foitj’-nine cases of luptuied intei vertebral discs Each of his pa- 
tients had a positive mj’'elogiam, but in onl}'^ seven of these myelograms wms oil employed, 
while oxj’gen was used in the lemainder The cases w’ere follow’ed from six months to thiee 
J'eais Twenty-five of the foity-nine patients w’ere operated upon Of the tw’enty-foui 
tieated consei vativelj’’, 12 5 per cent w’ere fiee from pain, 48 pei cent of the patients 
in his opeiative group w eie as 3 ''mptomatic In this study, 28 per cent w’ere pain-free In a 
previous report fiom this institution 60 per cent of the patients operated upon weie 
flee fiom pain 

Cunning followed fifty-five patients having the oldei diagnosis of sciatic neuritis, and 
undei conservative tieatment Fiom the clinical records of these patients, he made a pre- 
sumptive diagnosis of herniation of the disc No myelograms w’ere done Thiity-six pei 
cent of his patients w’ere pain-fiee and 18 per cent suffered mild discomfort, 46 per cent 
Were classified as unsatisfactory Dunning’s series must have contained man}’' cases in 
which the m3mlograms would have been negative, and this would make it doubtful that 
his total number of cases represented patients wath herniation of the disc 
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SUMM^RI 

1 T\Aentj -eight patients Anth the clinical diagnosis of displaced lumbai inter 
Aertebial disc, siippoited bj’’ oil myelogiaphj^ AAeie tieated non-opeiatively and followed 

2 T\Aent3'-nine per cent lemained pain-fiee foi peiiods longei than a j^eai, 30 per 
cent suffeied insufficient lesidual pain to cause disabihtj'^, 32 pei cent A\eie disabled b\ 
recurring attacks or constant pain 

3 The results in this senes compaie unfavoiably lAuth the lesults obtained in a care 
full}' selected operative senes 

4 The chronicit}' of this disease must be fully appreciated, most of these patienb 
had suffered fii e j'ears oi more There can be little justification foi letting the disease 
lun us course 

5 No e\ idence has been found by which the course of the condition may be forecad 
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DISCUSSION 
(Continued from page 613) 

Osteomyelitis is an inevitable occuiTence of the indiscriminate or indiscreet use of external pm fi'ati 
I use such teclmique in a few selected cases 


Dr D C McKeei'er, Houston, Texas The remarks I wash to make concerning the use 


of externa' 


skeletal fixation are based upon ex-perience with a method w Inch I think is too frequentlv condemned withM^ 
adequate trial AATiile in the Service, I sav a large number of compound fractures of the long bones ^ 
time, in a vard of 120 beds, all of the men had compound fracture of the femur In no case was the 
traction or m plaster All patients except those with double compound fractures of the femur were 
with the aid of crutches In other w ards m the same hospital other methods of treatment w ere used, an 
was adequate opportunity for companson 

There is no question in my mind that the best initial treatment for compound fractures of the s >a 
long bones is external skeletal fixation It cannot be used by everyone Before this method is attemp c 
must ha\ e extensive know ledge of anatomy and mechanics, some degree of manual dexterity , and un ei^ 
ing of the pnnciples invoh ed in fracture treatment All open reductions and most closed fracture s ^ 
constant pressure bandages applied, in addition to the skeletal fixation I am not advocating (r 

simple fractures, unless a large number must be treated quickly I believe that this method is the 
handlmg qmckly a large number of compound fractures of long bones Some form of apparatus 
skeletal fixation should be in the armamentanum of every orthopaedic surgeon The Stader an 
Anderson type of apparatus w ere compared in a large number of cases The Roger Anderson 
adaptable to difiicult cases and is much easier to use 
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in HOHl HT 1) MU'^Sin, JU , M I) , norilKSTKU, MINNESOTA 
1 rilaw 7» Orlhopnrdw Surgery, Mayo Foundation 
Wn Ml IAIN S in M)1 HSON, M D , nOCIirSTLR, MINNESOTA 
Scciwn on Orthopaedic Surgery, Mayo Clime 

Ofa(coclion(lioimto<^is is ‘i condition in winch cai tilagmous and osteocartilaginous 
bodies are formed within and b^ the synovial membranes of joints and, occasionally, of 
bursae and tendon sheaths Synonyms include chondromatosis, synovial chondromata, 
joint chondromata. and diffuse enchondroma of the joint capsule 


ETIOl.OGa AND P^THOLOGI 


Most authors bohe\e that tiauma contributes in some degree to the formation of 
these bodies The stimulus of a chronic inflammatory process, such as rheumatoid ar- 
thritis, has been suggested often Manj' believe that the origin is from embryonic rests of 
primitne cartilage The presence of cartilage has been demonstrated in normal synovial 
membranes The hypothesis of origin which has been most wadely held in recent years is 
that of benign neoplasm, no evidences of metastasis or local infiltration being found 
Ewang’s definition of tumor as “an autonomous new grow'th of tissue” is compatible wath 
this h 3 'pothesis 

Jones, in 1027, showed microscopically that the formation of these cartilaginous and 
osteocartilaginous bodies follows the same stages that occur in the embryonic formation 
of cartilage, as desci ibed bj' Keibel and Mall The cartilaginous bodies arise in the synovial 
membrane, dircctlj from the fibroblasts (Fig 1) or from the lining cells, which are modi- 
fied fibroblasts (Fig 2) The bodies usually arise m the stratum synoviale, rarely in the 
stratum subsjmoinale As thej' grow, they usually become calcified and ossified, fat cells 
but no myeloid elements being seen between the spicules of bone Occasionally bone may 
form directly from fibroblasts (Fig 3) As the bodies increase in size, they may be forced 
to the surface to become pedunculated (Fig 4) AVhen the pedicles break, as they fre- 
quentl}”^ do, the bodies become avascular and the bone in them dies The cartilage cells 
near the surface live, nourished by the synovial fluid (Fig 5) The loose bodies are white, 
round or oval, with a smooth or faceted surface In number they vary from a few to hun- 
dreds 

The synovial membrane in an involved joint may be thickened and villous The 
vascularity is increased, and focal collections of lymphocytes may be seen microscopicaUy 
(Fig 6) Bodies which were previously free may become encysted in the membrane 

(Fig 5), and deep-lying bodies may be palpated 

The process is apparently self-limited Fisher wrote in 1921 that the con ition may 
cease “as suddenly and as mysteriously as it commences Freund stated t at t ere is 
often a gradual decline and even a disappearance of the joint bodies Faber and Bibergei 
reported similar findings 

One patient in the series reported here underwent two operations, one week apart, 
one with an anterior and the other with a posterior approach, for removal of more than 
100 loose bodies of a hip joint, and there was evidence of the production by the synovial 
■ membrane of more Figure 7-A shows the preoperative roentgenogram The surgeon had 
'been unable to remove all of the loose bodies (Fig 7-B), even with the second procedure 


f AT of thesis submitted by Dr Mussey to the Ma^ter^of^Science^in^Ort^paedic 

of Mmnesota, in partial fulfillment of the requirements for the degree of Master ot bcience m urtnopaeoic 

ourgery 
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Fig 7-A 

Multiple calcified bodies ma}’’ be seen around the hip joint before operation, along w ith spurring of Hif 
femoral head and narrowing of the joint space 



(Fig 7-C) Seven months Inter 
only one faint calcified area re- 
mained (Fig 7-D) A shallo"' 
acetabulum and a misshapen 
femoral head weie present 
Since this patient did not olitam 
a satisfactoi}'^ functional result 
more than foui 3 '^ears later a 
Vitalhum-cup aithioplastv "2 
performed foi lelief of pain an 
foi improvement of motion ' 
that time only a very fe" sinn 
non-calcified, pedicled bo if 
iveie found ^ 

Osteochondiomatosis o 

curs more fiequentlj’' in males than in females and is usuall}'’ monaiticulai The knee 
IS invohed most fiequentl}’-, with the elbow second Othei joints affected 
are the hip, shoulder, wrist, ankle, temporomandibular, metacaipophalangeal, an 
phalangeal Buisae and tendon sheaths aie seldom affected b 3 '^ this condition 

SYMPTOMS 

The s 3 ’'mptoms — weakness, aching, and piogressive limitation of motion-- ^ 
and chronic m t 3 ’-pe, and they vaiy according to the anatomical structure o 
involved Later, catching oi locking ma 3 ’’ occur, although it is usualb" of a r 


Fig 7-B 

Multiple loose bodies are seen, with a piece of the synovial 
membrane w hich contains calcified bodies 
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intuu', followed I>\ o(TnMon pun, ind slilTiioss TIkmo is Kuely sponLanoous pain, 

except with m oiiisodp of Inekiiifi; V few p'ltionts mention Hint they can feel movable 
masses 


1 lM)IM,s 

Phvsii il lindiiiKs \ .u\ with the joint nnolvcd and with the degiee of involvement 
The joint mn bo noimd to eximiniition Loose oi fixed bodies may be felt The joint 
eipsule m IV be thiekened somewhat, with modciato efTiision The motion of the joint 
mn bedeeiened •dthongh usindh not mnikedh 

TJic loenfgenogi iplin inetnie \ mes with the stage of foimation of the bodies and 
with then mimbeis Caleifu ition nsii dh ippeiis i ite and is geneially not piesent in all 
of the bodies Fiennd mentioned a patient who h.id in in\ olved hip fiom which 395 ladio- 
hicent bodies weie ionio\ed If the (ondition has existed long, osteo-aithiitic changes 
mn be seen unless m i^ked In the bodies 

nil 1 1 HI Nil \I ni \GNOSlS 

In tx pic d ( ases m whu h 1 iige niimbeis of bodies aie demonstiable by i oentgenogram 
01 dining singled iiitei \ ention, the diagnosis is obxious Rice bodies (corpoia oryzoidea), 
associated with (hionn infections such is tiilieiciilosis, aie diffeientiated wath ease micio- 
scopicalh ind with lel itne eise on the bisis of histoix' and hndings When theie aie few 
bodies the diffcienti d diagnosis max become difficult, because loose bodies may be pio- 




Fig 7-D 


Fig 7-C 

Fig 7-C A few calcified bodies max be seen aiound the inferior aspect of the femoral neck in the post- 
operative roentgenogiam One is present above the superioi spur on the femoral head The presence of a 
‘5hallo\\ acetabuluin and a dGformGd femoral head should be noted j j j. 

Fig 7-D Little residual calcification IS present That above the spui “'S'Jecr^S de^ 

ing to a different photographic technique Actually the roentgenogram showed a slight decrease of den- 
s>'ty of the body 
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TABLE I 

DlSTRIBTJnON OF AfFECTED JOINTS IN 104 PATIENTS 


Joint Involved 

Location 

Total Number 

Right Left Bilateral 

Knee 

36 30 7 

73 

Elbow 

15 4 3 

22 

Hip 

2 3 0 

5 

•tnkle 

11 0 

2 

Shoulder 

1 1 0 

2 

Finger * 

10 0 

1 

Totals 

56 39 10 

105* 


* Flexor-tendon sheath involved 
** In one patient, both an elboii and a knee were involved 


duced in osteo-aithiitis, in osteochondiitis dissecans, and occasional!}’’ after traunn 
When the bodies aie not ladiopaque, the condition in the knee joint must be differentiated 
fiom a toin meniscus The s 3 "mptoms follotting a teai of the meniscus aie moie seicre 
paiticulailv eaily in the condition 

Fishei, Smith, and Colonna all hav^e tintten that a single body may be produced in 
osteochondromatosis This is difficult to prove, for loose bodies of traumatic origin (in 
become attached secondarily as shown evpeiimentally by Bloodgood, by Fabei, andk 
Ito Microscopic demonstration of a vasculai body attached by a vascular pedicle should 
be sufficient to establish the presence of tiue osteochondiomatosis (Fig 4) In mnn' 
ca<5es definite proof of diagnosis wall not be present because the piocess in the synmnl 
membrane may disappear completely, leaving one oi more bodies and a normal mem 
biane Howe\ei, a careful history and physical examination will clarify the diagnosis m 
a gieat number of cases 


TREATMENT 

Unless otherwise contra-indicated, all accessible loose bodies should be removed from 
any affected joint, because of the mechanical aiticular damage they cause In addition 
synovectomv should be peifoimed when the synovial membrane is seen to be prodiicm 
more bodies Only in the knee is it practicable to remove a large proportion of thesino- 
V’lal membrane, and even in this joint the posterior areas do not lend themselves to 
moval It must be lemembeied that calcified bodies, easily seen on roentgenograp ^ 
examination, may be found not to be wuthin the joint at the time of surgical intenentm- 
because they are either in bursae, have not yet been liberated from the synovial m^c^ 
biane or are encysted in pockets of synonal membiane wuthin the capsule Thein'O 
bursae, together wuth the bodies, should be removed 


RESULTS 


Osteochondromatosis wall not recur if the piocess has reached an end at 
operation If all loose bodies have been removed after the piocess is completed an 
any secondary osteo-arthiitis has become manifest, the result should be , 

ever, traumatic osteo-aithiitis from the presence of the bodies is frequently piese 
the opeiation, and this wall militate against a peifect result Nevertheless, surgi * 
vention is indicated in these patients to stop further articular damage -lyilmotli f'' 

The end results lelative to few patients can be found in the literature 
poited postoperative examinations in seven of nine patients operated upon In 

•T eCT^^ 
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TAULl, II 


HuiT^ nil Guaui s in Si m ma-nini Iojnin, 
Arc oHiiiNO TO Am oi Patiini 


it 0)i(M item 

j NmwbiM of I’ntuiits 

Gi ulc of Joint 

(1 rare) 

' I'oIlolKtl 

0 1 

2 

3 

1 i to I't 

.1 

2 

1 


20 to 20 

If) 

1 2 

7 

8 

10 to. 30 

10 

4 

3 

5 

10 In 10 

n 

4 

8 

3 

'■lO to '>0 

23 

2 4 

4 

13 

00 to 00 

7 

4 

2 

1 

70 to 70 

I 

1 

I 


Tot lls 

1 71 

1 3 20 

26 

30 


wTs no iccuiipiuo, in lliiop tlio Ioono bodies lemnninf!; nflei opeiation weie unchanged, 
uid in one ei'-e the (oiulilion \s is cssentiaily unimpio\cd No patient was traced more 
than foiii tears aflei opei ition 


CLINIC VL STUDt 

The clinical iccoids of all patients who had iindcigone opeiation at the Mayo Clinic 
fioni 1910 tlirough ]945 foi loose bodies m the joints oi adjacent buisae weie reviewed 
All cases weie included in the piesent study in which foui oi moie loose bodies had been 
renioted, unless these bodies weie ajipaientlt' secondai}'^ to tiaiima Those patients from 
whose joints thicc or fcwei bodies weie taken weie included only if there was a long bis- 
tort of disabilitt , no definite tiauma, and no hypeitiophic changes loentgenogiaphically, 
or if the sjmotial membiane, as seen duiing opeiation, appeared to be foiming cartilage 
in any area 

One bundled and four patients weie included m this study Of these, ttventy had 
been reported pieiiously by Hendeison and Jones oi by Jones “ Seventy-nine, or 
about three-fourths, weie males The average age at the time of their first operation at 
the Clinic was 42 9 yeais, eightj'-eight patients being between the ages of tw'^enty and 
fifty-nine yeais The duiation of symptoms, in the ninet 3 '^-five cases in which this was 
recorded, ai^eraged 8 3 years The knee joint was chiefly involved (Table I) 

Trauma was i elated bj’’ about half of the patients One-half of the patients ivith 
affected elbow s and one-third of those wuth affected knees recalled trauma Five patients 
gave a historj^ of an infection wdiich might have been related to the condition Pam, 
catching, locking, and episodes of “going out of joint” w^eie piominent symptoms, and 
some of the patients had noted swelling, loose bodies, oi a mass Recurrent patellar dis- 
locations had occuired in thiee cases Six patients had had previous surgical intervention 
for the removal of loose bodies Physical examination usually revealed decreased motion 
and, frequentlj^j palpable loose bodies, masses, and enlaigement of the joint 

Besides demonstiating the calcified areas or bodies, roentgenograms showed osteo- 
arthritic changes in half of the joints In six patients the coiresponding contralateral joint 
was involved, although it was not operated upon 

At the time of operation it w'as noted that some of the bodies w^ere attached by pedi- 
cles to the synovial membrane in one-third of the joints, hypertrophic changes were seen 
frequently The synovial membrane occasionally appealed to be actively forming cartila- 
ginous masses Loose bodies were found in eithei true bursae or sacs, connected with the 
articular cavity, in twelve patients Tendon sheaths w'^ere involved in two patients, a 
finger-flexor sheath in one and the distal semimembianosus sheath in the other 
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Paitial ';^no^ectom 3 ^^as peiformed on t^^elve ai ti dilations Ulnai-iiene tiaihlcr 
^\ere done for piessuie s^^mptoms in five elbovs Tiansfei of the patellai -tendon insorho, 
vas made in tvo knees Aithiodesis vas peifoimed on tvo knees foi maiked destructive 
changes, and one extiemit}’’ was amputated foi an associated chondiosaicoma of the 
distal poi tion of the femui One oi tv\ o subsequent pioceduies weie earned out on sixteen 
patients because of lemaimng oi lecuiient loose bodies, oi ulnai neuiitis Theic vvcic nn 
postoppiatne infections oi deaths 

In nine patients, an exostosis xxas noted in the affected joint One of these patient 
also had fibioma of the thigh, and anothei concuiient caicinoma of the colon A tcnlL 
patient, mentioned piexnouslj'’, had chondiosaicoma of the femui One patient had defi 
nite and one possible osteochondritis dissecans in the involved joint The hip joints cf 
two patients piesented shallow acetabula and flattened femoial heads 

Micioscopic examination of the sjmovial membranes from eighteen joints revealed 
active foimation of new' bodies Four of the eighteen had been leported pievnoiislv bi 
Jones “ 

Postopeiatix'e xusits oi wTitten lepoits weie obtained fiom seven ty-thiee patient 
The av'eiage follow-up peiiod foi these patients aftei the fiist surgical pioceduie vvasSi 
x'eais, with v'aiiations betw'een one and thiit 3 ’'-two yeais No case w'as included with a 
follow-up of less than one yeai Two patients had died fiom unielated causes, and one 
had died fiom associated chondiosarcoma None of the seventy-three patients had had 
an opeiation subsequent to his surgical treatment at the Clinic 

In ex ahiation of the status at last leport, foui giades w'eie emplo 3 'ed Those patient 
who said that the 3 '' weie unimpiox'ed weie graded as 0 Those who w'ere improved, but 
who had s 3 ''mptoms of an 3 ' considerable degiee oi had suffeied fiom subsequent locking 
weie placed in Giade 1 Giade 2 included those with minimal symptoms, such as mild 
pain aftei much use of the joint, mild limitation of motion, oi discomfoit vnth change 
of weathei Those in Grade 3 had essentially no symptoms Those in Giades 0 and 1 were 
consideied to have unsatisfactoi 3 '’ functional results, and those in Giades 2 and 3 to have 
satisfactoi 3 '’ functional lesults The age distiibution of the tiaced patients and theiesiilt 
b 3 giades accoiding to age aie seen in Table II 

Theie was no coiielation between the numbei of suigical pioceduies and the pot 
opeiative lesult Theie was a tendency foi a bettei lesult in those patients who were foi 
lowed a longer time aftei operation Onl 3 ' foui of the seventy-three patients coniplomc 
of joint locking after opeiation 

Postoperative roentgenogiams showed that calcified masses w'eie present in eightcfo 
patients, either in the capsule oi loose in the joint Of the fourteen of these eighteen 
tients for whom follow-up data w'ere obtained, nine had satisfactory results and five ^ 
unsatisfactoi 3 ' results 


COMMENT 

The etiolog 3 ' of osteochondromatosis cannot be stated definitely This sfudv < 
not support the h3'pothesis of infection If the definition w'hich Ewung uses is 
we behex'e this process to be one of benign neoplasm An interesting finding is 
existence of anothei tumor, iisuall 3 '^ an exostosis, m ten (9 6 per cent ) of the pa ' 
This would suggest an individual tendency tow'aid neoplasia . 

The importance of trauma as a stimulus is, as alw'ays, debatable 
traumata to a joint w'hich transmits a great deal of force and w'hich is relative} 
tected seem important The distribution of affected joints tends to support 
Sion, for 70 per cent were knees and 22 pei cent w'eie elbow's Of the elbows, 
two-thirds were on the right In addition, three-fourths of all the patients we 
The traumatic episode related b 3 ' the patient probably served only to focus a 
that joint and thus allow establishment of the diagnosis 
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Tlu' p'ltK'nl wlu) Ind (loliiiilo j^oslopoi alive (Iisiippciuance of calcification, ivith later 
single il conliiin ilion of llie disappoaiancp of llio actual bodies, confirms the roentgeno- 
ginphic findings of Bibeigoil, of Faboi, and of Kieund This phenomenon was seen m only 
one of the 101 ]) ilionls 


( o*Nri nsioNs 

1 Osloochondiomafosis is a benign condilion, piobably neoplastic, involving the 
s\no\nl mombi inos of joints, bnisae, ind tendon sheaths, in vlnch caitilage develops 
In met ipl \si i of the i onnei ti\ e-tissne lells of the mcmbiane 

2 l^ejieited slight ti inmat i imn well be an etiological factor, although infection 
piobibh is not 

3 There nvn be an indnidnal picdisposition tow aid neoplasia 

1 All accessible loose oi pedunculated bodies should be lemoved suigically, because 
of (he discomfoit to the piticnt and the dangci of secondaij’- osteo-aithiitis, which is a 
ficqnent complication 

5 If (he piocess in a knee joint appeals active in the s 3 movial membiane at the time 
of opeiation, s^no^ectom^ should be done 

6 Unsalisfacton poslopei itn e lesnlts aie usuallj’^ due to osteo-aithiitic changes 
111 joint-surface contonis, and not to loose bodie'^ 

7 Spoilt moons disappcaiancc of loose bodies maj'^ occui 

S Negatnc findings on micioscopic examination of the sjmovial membiane do not 
necessarih negito a diagnosis of osteochondiomatosis, foi the process may have com- 
pleted its c\ cle ind the mcmbi mo icsnmed its noimal appeal ance 

REFERENCES 

1 BinERGEii , Euoi N Chondromatosis dcs Ilandgclcnks Ztschr f Orthop Chir , 33 620-629, 1913 

2 Bloodgood, J C Fractures, Dislocations, Amputations, Surgery of the Extremities, and Orthopedics 
Progressne Med , 4 202-207, 1899 

3 CoLONNc, P C Osteochondromatosis of the Knee Joint Surg , Gynec , and Obstet , 53 698-703,1931 

4 Ewing, James Neoplastic Di«en«cs 3 Treatise on Tumors, Ed 3, pp 25, 202 Philadelphia, W B 
Saunders Co , 1928 

5 Fcber, \EEXANDEn Oljcr Gclcnkchondromatosc Ztschr f Orthop Chir , 58 568-576,1933 

6 Fisher, A G T A Studj of Loose Bodies Composed of Cartilage or of Cartilage and Bone Occurring 
in Joints With Special Reference to Their Pathologj'^ and Etiology British J Surg , 8 493-523, 1921 

7 Freund, Ernst Chondromatosis of the Joints Arch Surg, 34 670-686,1937 

8 Henderson", M S , and Jon'es, H T Loose Bodies in Joints and Bursae Due to Synovial Osteochondro- 
matosis I Bone and Joint Surg , 5 400-424, July 1923 

9 Ito, L K The Nutntion of Articular Cartilage and Its Method of Repair British J Surg , 12 31-42, 
1924 

10 Jones, H T Loose Body Formation in Sjmovial Osteochondromatosis wath Special Refeience to the 
Etiologj and Pathologj' J Bone and Joint Surg , 6 407-458, Apr 1924 

11 Jones, H T The Histogenesis of Cartilage as Shown m Chondromatosis of the Knee Joint J Bone 
and Joint Surg , 9 310-314, Apr 1927 

12 Keibel, Franz, and Mall, F P , Editors Manual of Human Embryology, Vol 1 Philadelphia, J B 
Lippincott Co , 1910 

13 Smith, Wallis Osteochondromatosis Report of Cose J Missouri Med Assn , 30 316-318, 1933 

14 Wilmoth, C L Osteochondiomatosis J Bom and Joint Suig , 23 367-374, Apr 1941 


tol^si a no 3 juLv loin 



VITALLIUM-CUP ARTHROPLASTY OF THE HIP JOINT 
An End-Result Study 


B1 FRANK E STINCHFIELD, M D , AND ROBERT E CARROLL, M D , NEW 'iORK, iN 1 


Since Smith-Petersen fiist lepoited in 1939 the method of Vitalhum-ciip aithropla'>t\ 
foi treating diseased hips, many oithopaedic suigeons have used this piocedure, intli 
\ arjnng results, and othei studies have been perfoimed ^ ' Theie is, hovevei, a need to 
in\estigate completel}’’ and objectively the postopeiative course of an unselected gioupof 
patients tieated vuth Vitallium-cup aithioplasty A study has been made of all the pi 
tients vith \aiious pathological conditions of the hip who leceived cup aithioplasti in 
one clinic The puipose of this senes is not to evaluate arthi oplast}'' as a method of treat 
ment, but lathei to piesent an objective ana^'^sis of a gioup of cases in vhich it i\asii«cd 
and to shov the couise followed and the lesults obtained It is hoped that this paper mil 
stimulate other clinics oi individuals to analyze and publish their results m like manner 
Onh in this wa}"^ will enough data be accumulated to forecast accuiatelj'^ the com ■'C of 
reco\eiv of patients haMng Vitalhum-cup arthroplasty of the hip joint 

MATERIAL 

At the New York Orthopaedic Dispensary and Hospital, forty-five cup aithioplastic 
ha\ e been performed on thiity-eight patients Twenty right hips and twenty-five left hip 
were operated upon, seven patients had bilateral cup arthroplasty Of the total number, 
twenti-nme patients (76 per cent ) had disease in both hips and nine (24 pei cent), m 
onh one There were twenty-six females and tA\elve males The aver age age of all patient 
was 36 1 ^eals, the average age of the females was 33 1 years and that of the males na 
42 7 -leais The jmungest patient in the group wms a six-j^ai-old giil wuth congenital di 
location of the hip, but this case wms not included in the aver age, as the age w as so far out 
of line that it would have created a false average 

The group is not gieat, either in total oi in the number of individual pathological 
conditions, but it represents the entire number of operations 


METHOD 

The records of the patients weie analyzed carefully and the pertinent inforniatioa 
was recorded on a master chart, from this, the progress was followed Range of motion 
S3’^mptoms, and general functional results were recorded diiectlj’’ fiom hospital chart 
and no deductions were made To complete the studj'’, the patients were lecentbmntcr 
viewed and examined bj^ the authors, the vaiiations of multiple examiners thus being re- 
duced to a minimum The serial roentgenograms wmie reviewed and, when indicated, nc 
films were obtained In only 26 per cent of the cases were the authors unable to 
the piesent condition of the patient In these instances, the last clinical note close 
studj’' 


Evalxiahon Cnteiia 


The chief indications for suigeij’’ were pain and marked limitation of motion 
per cent of the cases, both hips presented some limitation of motion 
For purposes of analj’sis, it must be assumed that the operative 
essentiallj^ the same, all operations were performed in the same Clinic, although it - 
different suigeons 

The postoperative treatment was well standardized and consisted of 
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Chajit 1 


1 Tiachon-'!U«;pcn‘5ion foi (luoc weeks, 

2 Rollei-'^katinji; and active motion m a Huhbaid tank, beginning at thiee weeks, 

3 U«e of a walkei aftci tliiee months, 

4 Use of Clutches nftei five months 

At a personal mtei view , the patient’s evaluation of the amount of pain pieopeiatively 
and duimg each succeeding postopeiative year w’as obtained This w’as checked against 
the clinical iccoid To fin tliei evaluate the symptoms, the distance the patient could w alk 
(with pain as the limiting factoi) in the pieoperative and postoperative peiiods was ascei- 
tamed The range of motion was measured in accordance wuth the standards desciibed by 
Cave and Robeits This is lecoided m positnm figuies, w’hich means that a hip wnth motion 
fiom 90 to 160 degiees has 70 degiees of actnm flexion, 20 degiees of fixed flexion, and ob- 
viously no extension 

The loentgenogiams weie evaluated in accoi dance wnth the criteria stated 65'' Smith- 
Peter'^en® m his mstiuctional couise on ai thi oplast3'’ of the hip 

End-Result Ltahiahon 

A true evaluation of the lesults fiom this type of operation can be made only in lela- 
tion to each individual case No aibitiaiy standard can rightly be applied to all Theie- 
foie, the evaluating standaids used in this paper must be explained The cases aie classified 
as “veiy good”, “good”, “fan”, 01 “pooi” aftei having been analyzed accoidmg to 

1 Motion The best case in the senes, a patient wnth a five-year follow’-up, had 5 
degrees of fixed flexion, 95 degiees of active flexion, 30 degrees of abduction, 45 degrees of 
adduction, and 5 degiees of both internal and external lotation This totals 180 degiees of 
active motion This case formed the basis of criteria foi evaluating motion 
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Chart 2 


2 Pam In this senes, a good lesult means no pain at anj'^ time 

3 Economic Status The patient’s pieopeiative occupation was the basis upon whiclj 
his postopeiative lesiilt \\as judged 


ETIOLOGI 

The cases fell into eight etiological gioups, including iheumatoid aithritis, ostco- 
aithiitis, congenital dislocation, post-infection ai thi oplasty, slipped femoral epiph' ' 
aithiokatadysis, aithritis secondaiy to tiauma, and osteochondritis dissecans In analu 
mg these groups as to sj^mptoms and physical findings, figures on range of motion MCff 
tabulated at preoperative obseivation, Avithin three months after operation, and vcar 
thereafter Although all patients did not continue to report regularly, the follow-up 
extend from one to eight j'^ears — from the first case done in May 1940, to the la4 ' 
September 1947 — the average being 3 22 yeais 

Charts 1, 2, and 3 indicate the average range of motion in different etiolog 
For purposes of claiitj’’, onl}'^ the degrees of active flexion and of fixed flexion v 
The other hip motions vere in proportion to the active flexion 

Each case has been analyzed carefully Time and space will not permit their i 
tion and evaluation individually, so they are being discussed here by etiological gro^ 

Rheumatoid Aithritis j 

In sixteen cases of rheumatoid arthritis, Vitalhum-cup aithioplast}’' was p 
because of pain and limitation of motion of the hips The average age in this 
33 5 5 '-ears The knovn duration of the disease piioi to surgery was 7 5 years, 
duration of pain in the affected hip was 3 7 years Table I is a typical 
factual data assembled from these cases It will be seen fiom Chait 1 t a i ^ 
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Chart 3 


the hip motions, cfepecialh active flevion, continued to impiove thiough the thud year, 
after which the degiee of motion giaduallj’^ declined 

Twenty ai thioplasties weie done foi rheumatoid aithntis In one case the patient 
died si\ months after opeiation The end lesults of the othei nineteen iveie tabulated 
(Table II) Although these ratings weie made piimarily fiom the surgeon’s standpoint, 
most of the patients w ere satisfied wnth then results In general, a gi eater number received 
relief from pain than obtained good hip motion Figures 1-A and 1-B show preoperative 
and postoperative roentgenograms of a case having a poor result Figures 2-A and 2-B 
are similar view's of hips show'ing a good result, the postopeiative roentgenogram w'as 
taken seven j'ears after the arthroplasty 

TABLE I 


Digrfe of Motion bffore am) after Arthroplasti in Cases of Rheumatoid Arthritis 



Fixed 

Flexion 

Active 

Flexion 

Exten- 

sion 

Abduc- 

tion 

Adduc- 

tion 

Internal 

Rotation 

External 

Rotation 

No of 
Hips 

Before operation 

After operation 

32 5 

16 2 

0 

5 2 

2 9 

1 9 

2 5 

20 

3 months 

12 8 

36 2 

0 

20 1 

8 8 

4 0 

3 2 

20 

1 year 

16 0 

38 0 

0 

16 5 

13 1 

4 2 

8 0 

18 

2 years 

6 0 

42 1 

0 

13 6 

16 0 

6 0 

13 3 

10 

3 years 

1 0 

47 0 

0 

15 0 

18 0 

2 0 

12 0 

7 

4 years 

6 0 

39 0 

0 

16 0 

15 0 

7 5 

3 5 

7 

5 years 

25 0 

21 6 

0 

6 6 

15 0 

1 6 

13 3 

5 

0 years 

16 6 

35 0 

0 

15 0 

21 6 

0 

0 

5 

7 years 

11 6 

41 6 

0 

5 0 

25 0 

15 0 

3 3 

5 
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TABLE 11 

RLbULTb IN NiNLTLLN ^RTHBOPLA'^TIEfe * 1 OR RHEUMATOID ARTHRITDj 

Number of 
Cases 


Motion 

Verj good (180 to 115 degrees) 2 

Good (115 to 80 degrees) 3 

Fair (80 to 50 degrees) S 

Pool (50 to 0 degiees) G 

Pam 

None S 

Minimal 3 

Moderate G 

Severe 2 

Economic status 

Same job (no limitation of activity) 3 

Same job (liimted activity) 2 

Sedentar3' occupation 6 

No job 4 


* Tuent-\ arthioplasties weie performed, one patient died six months after opeiation 


In thiee aithioplasties in this group, revision was lequiied because of deciea'fil 
motion and inci eased pain In one case, trauma to the hip, two yeais after opeialion 
caused a draining sinus of the wound The cup was lemoved m this instance 

Obteo-Aithnhs 

Of nine patients upon whom ten cup arthioplasties weie peiformed for osteo-aithriti', 
the aveiage age was fifty-seven, the aveiage known duration of the disease was 12 5 year , 
ind the aveiage duration of pain was 5 9 years The indications for operation in cases of 
0‘^teo-althrltls usually weie pain, involvement of both hips, which contia-mdieato 
aithiodesis, and stiffness in the lumbai spine 

In geneial, aftei suigery^ the motion increased until the fourth year and then declined 
somevhat (Chait 2) At that point the degiee of fixed flexion defoimity was the lead 

TABLE III 

End Results in Nine Cases of Osteo-Arthritis 1 

Number of 
Cases 


Motion 

^ erj^ good (180 to 115 degrees) 

Good (115 to 80 degiees) 

Fair (80 to 50 degrees) 

Poor (50 to 0 degrees) 

Pam 

None 
Minimal 
Moderate 
Severe 

Economic status 

Same job (no limitation of activitj ) 

Same job (limited activity ) 

Sedentarj occupation 
No job 

f Ten arthroplasties were performed, one patient died eight days after operation 
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Numbei of 
Cascb 


Motion 

^'rl\ pood (ls[)t() 1 1') (lipid' ) 2 

( lood (1 1 ‘i to SO (li'pri os) J 

I iir (SO to ')0 d( pi('( s) ] 

Pool (‘lO to 0 (l( pin s) ] 

P on 

\oll( j 

Minim d 0 

Mod(i-il(' 0 

SiMIT 0 

I ronomn s| it ns 

S imr job (no limit ition of i(.i\it\) 3 

fs imp jol) (limit( d iptnitN) 0 

Pcdont ir\ on up it ion 2 

No jolt 0 


T he^c piticiits ni lint iiiipd tlicii postopoi iti\e motion longei than any othei gioup m 
tilth seueh, CMcpt foi tlioso with ostoo-iitluitis becondaiv to a slipped uppei femoial 

epiplnsis 

All of the nine patients with osteo-aithiitis stopped using ciutches at the end of 
one teal Howetci, foui of them, including one patient who had a bilateial aithroplasty, 
were using some foim of suppoit when last seen The one patient w'hose condition was 
followed foi eight jcus had to icsume the use of ciutches at the end of seven yeais 

The end results in this gi oup iie classified in Table III No i elation w as found betw^een 
pain and motion oi between motion and age One patient, aged si\ty-five, died on the 
eighth jjostopei at It e da> as a lesult of pulmonary embolism fiom phlebothrombosis of 
the lower extremity In one case in this gioup a levision of the aithioplasty wi^as lequiied, 
three months aftei opeiation, ns it was feaied that the cup wmuld become dislocated 

Congenital Dislocation 

The a\eiage age of fne patients with congenital dislocation of the hip was 23 9 
3'eais, the duiation of sj^mptoms was 14 4 j^eais, and the aveiage duration of pain w'as 1 8 
}’'eais In this gioup the lange of motion (Chait 3) continued to impiove thiough the 
seventh postoperative jmai, although a slight degiee of fixed flexion w^as still present 

These patients weie satisfied wath then lesults, none of them lequired a cane oi 
crutches at the end of one j''eai At the end of tw'o yeai s, tw^o patients required the use of 
a cane One of the tw o patients wdiose condition wms follow'ed for seven 3 '’ears could w alk 
about three miles without discomfoit and wathout the use of suppoit Only one of the 
five patients lequiied a cane at the time of a recent evaluation As in the other groups, 
there was no coirelation between pain, motion, and age The classified end lesults aie 
showm m Table IV 

One patient had a levision of hei aithroplasty at the end of five 3'’ears, as motion 
had maikedl3’^ deci eased and the roentgenogi ams show^ed mci eased bone piohfeiation 
Another levision w'as lequiied m a six-yeai-old child At the end of tw^o yeais the cup was 
lemoved, because it w'as found that the othei structuies had giowm out of piopoition 

Post-Infection Arthioplasty 

Tw^o patients having ankylosis of the hips due to pievious infection w^ere tieated b 3 ^ 
cup aithroplasty, one case w'as bilateral The average age of these patients was 19 5 

lOL 31 A NO 3 JULN 19-19 



636 


F E STI^^CHF1ELD A.ND R E CA.RROLL 


^ eais, the kno^^n duiation of disease aveiaged 115 yeais, and the aveiage dmatiouof pm 
n as 1 5 months Although the gioup is small, the figuies obtained shoM that motion wimIi- 
ci easing at the end of tno ^eals and that the amount of fixed flexion nas mcicasinc 
The patient who had a bilateial cup ai tin oplast}^ was still using dutches at thponi] 
of two Aeais, but lequiied no suppoit when last seen The othei patient leqiiiiecl ncitlic 



Fig 3-B 

After cup arthroplastj , this patient had one of the best results in the entire sene 
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c 1110 1101 (iiUi Ill's i( till' ond of fno voiis, Iml w is usinf;; a cane at the time of a lecent 
iiiten low 

I Iio 1 iiigo of motion in I Iiose o isos w 'is pool , lioing below the total of 50 degiees Pam 
w IS ihsoni in two of (ho hips 'ind only modoialc in the othei Both patients leturned 
(o then jncMous soden(ai\ woik Alllioiigli (he lango of motion is pooi, the patients are 
dofnit(oi\ imi)io\od, ho(h .is log.iids (he amouid of pain and the ability to earn a living 
Roxision was icqinicd m boll) of these cases, one at tw'o months and the other at six 
months New oups weic pl.iccd, in oidei to give less pair and to allow a gieater range of 
motion 

Shppcd Fcjiwial Epiphij'^i'^ 

Only two p'ltients had dip aithiopl isty foi slipped femoral epiphysis Then average 
age was thiita-ono ^o'^Is, the Known duiation of disease aveiaged 18 5 years, and the 
aaeiagc duration of pain was ] 3 ^ oais T ho indications foi snigeiy w'eie pain and stiffness 
c.auscd by os(eo-ai thntis, secondan to a slipped cpiph 5 'sis Motion increased thiough the 
third year, aftoi winch <i doc loisc was noted Noithei patient lequned a cane or crutches 
after six montiis 

1 he end icsuHs in both p itients in this gioup can be considered good by most stand- 
ards, as motion was \en good and theic was no pain Both letuined to their previous 
occupations, one was a stcnogiaphci, the olhei a faimei Neithei has pam or limitation 
of actnity, and neithei required an}’ levision 

A case of bilateral slipped femoial epiphysis (Fig 3-A) had one of the best results 
(Fig 3-B) in the entire senes 

Arthrolaiadysis 

The one patient haMiig arlhioplasty foi ai tin okatadysis was eighteen yeais of age, 
the abnorraalit}’ had been piesent since biith She had fixed flexion defoimity of both 
hips, but no pain 

A bilateral arthroplasty was done Active flexion continued to improve, and the 
(fixed flexion to decrease At the time of last examination, the patient had a minimal 
.amount of pam, but only fan motion in both hips, she requiied the use of crutches at all 
’.times Her general condition has impioved somewdiat, but the result is not satisfactory to 
the patient 

Arthnhs Secondary to Trauma 

Two patients had ai thntis of the hip secondaiy to previous trauma Their average 
■age w’as 27 5 years, the average Knowm duration of disease wms twenty-one years, and the 
'average duration of pain was six 3 >’ears 

Although the follow’-up is veiy shoit, the range of motion is increasing while the 
' fixed flexion deformity has decreased One patient had a very good result, he has an ex- 
i'cellent range of motion without pain, and has letuined to his duty as a farmer The other 
has improved, but still uses a cane He has a poor range of motion and is able to maintain 
only a sedentary job, pain is of moderate amount This patient’s cup dislocated four days 
after operation, so that an open reduction w’as necessary 

•Osteochondnlts Dissecans 

The one case of osteochondritis dissecans occurred in a patient thirty-six years of 
lage The known duration of the disease and of pain was six wneks An arthroplasty re- 
'heved the pain and allowed him an increasing amount of motion The patient, a chronic 
'alcoholic, had irregular living habits which affected the end result, however, he did achieve 
a fair amount of activity noth the use of a cane This patient was found in his room, 
dead of acute alcoholism, just four years after the operation 
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DISCUSSION 

The lesultb in thebe cases aie not suipnsing, m view of the indications foi which tin 
operation was peiformed The majoiity of cup arthroplasties Aveie done when the probi 
bilitj of aithiodesing the othei hip was gieat With such a high peicentage of bilalcrii 
hip in\ohement, age did not make much diffeience No patient died fiom the opeiatnin 
itself, although one death was due to a suigical complication, phlebothiombosis 

None of the patients upon whom cup arthroplasty was peifoimed latei had lap 
arthrodesis Even a patient with a pool result fiom aithroplasty did not desiie theaitlirod 
esis In thiee cases with poor results, the patients felt that the opeiation had not liccn 
worth A\hile 

Although the most common indications for cup arthroplasty w^eie pain and liniifation 
of motion m the hip, the majoiity of the patients valued the lelief from pain moie tliin 
the motion 

The gait of patients with good range of motion was smooth Howevei, in all case> i 
limp was perceptible to the examiner The use of a cane oi ciutch m w'alkmg w'as leqiiircd 
in 45 per cent of the cases Of the seven bilateral cup arthi oplasties evaluated, one pa 
tient used no suppoit, one used one crutch, and the lest used twm crutches foi ambulation 

SUMMARl AND CONCLUSIONS 

No definite conclusions can be drawm from a leview' of this numbei of cases, hut tlif 
following impressions w^eie received 

1 No coiielation wms found betw’^een age, motion, pain, and sex 

2 The results foi the total gioup w^eie not outstanding When, how'evei, indnidinl 
cases weie considered m legaid to indications and postoperative course, the results were 
quite sati^factoij" 

3 Se\ enty pei cent of the patients were relieved of pain 

4 Iheie is a definite period after operation duiing w^hich the range of motion in 
Cl eases and the amount of fixed flexion defoimity decreases This occurs, in general, be* 
tween the second and thud years 

5 No patient m this series eithei had arthrodesis oi w'lshed to have it peifornici 
because of a poor arthroplasty result 

6 The best i esults occur i ed m patients having slipped femoi al epiphysis The poore t 
results were in patients wnth previous infection of the hip 

7 A senes of cases of hip arthrodesis is being studied in exactlj’’ the same manner 
From these two studies, definite conclusions as to indications and contra-indications wi 
be drawn 
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V((hr(il Coi/)'!, Iniiif of (he United States 

M iltoi Ri'od Gc'iU'i il Ilospit il ()n(> of Uu' Vimy Amputation Centeis, appiovi- 
nn(('l\ (lOO impul ilioiis \\('io piMfoinu'd iu'Iwoon Odohc'i 1045 and Octobei 1947 In this 
pipoi U(' disru^''('d 2)0 in wlncli nnini'ious jili.isns of lor oiifatiuctivc ‘nugciy liad been 
poifoimod dniinp; the jnet ('diiif!; fno \(mis In (lie lom lining 350 cases not lepoited in 
tills p ipoi , Iho iniiiiit itioiis weie iii'ifoinicd foi leasoiisolhoi than failuie m leconstiuctive 
siiigoix, sudi IS foi the tK'diiiont of piiniiiv lastiilai injuiios and diabetic gangiene, 
incomplcto ti luniatu so\{'i('nco, oi niilignant tiinioi 

The most ippiionl icison foi tins laige minibei of i cconstiiictive failures is that 
^^altel Reed Geiiei il Hospit il is one of the last leniaining Aim}'^ Amputation Centeis 
The pitients weie ti insfoiied fioiii otliei Geiieial Hospitals and fiom othei seivices in 
this Hospit il, wlieii inipul ition was consideied adiisable 

The iieiage peiiod of letonstiuctne tieitment fiom time of mjuij^ to amputation 
was well o\ei two \eiis. (onipued to in aieiage of five and one-half months necessai 3 ^ 
foi lehabilitation iftei iniput ition Idie lange w is fiom foui to sivty-eight months foi 
icconstiuctne ticitmcnt, iiid fiom two to twentj^-nine months foi lehabilitation aftei 
amputation The aieiage age in this gioup of 250 patients was twent 3 "-thiee 3 ’-eais, few" 
being outside the range of se\cntecn to thul 3 "-five 3 "eais Two bundled and foity si\ (98 4 
per cent ) of the imputations weie of the lowei e\tiemit 3 " The authois realize that the 
vouth of this gioup, and tlie fact tliat the majont 3 ’' weie lowei-e\tiemity amputees, aided 
gieath in obtaining faioiabic lehabilitation 

In spite of the adiance and the impioved techniques developed since the beginning 
of the First Woild Wai in plastic, oithopaedic, vasculai, neural, and allied reconstiuctive 
siiigcn", sui goons doing this woik should not lose sight of the pioposed functional lesult 
or ignoie the time neccssar3" foi the leconstiuction Since Woild Wai II, published articles 
have cited lemaikable feats in leconstiuctive suiger3’-, peifoimed m militaiy and civilian 
hospitals The authois of these ai tides have sometimes neglected to show" cleaily the 
ultimate couise m tlie cases which weie functional failuies, — those w"hich finalty came to 
amputation The entiie gioup lepoited here constitutes those seldom-mentioned failuies 
Watson-Jones stated "Amputation is seldom necessaiy in the tieatment of bone 
and joint mjuiies, and the decision to adopt this unusual and diastic measure should 
alwa3"s be suppoited b}" a second opinion If the mam blood vessels are not destioyed 
and theie is no iiiecoverable neive lesion, the limb should be saved no mattei how seveie 
the contamination of a wound, the comminution of a fractuie oi the destruction of skin 
The authois agiee that the piimai3" aim in the initial tieatment in eveiy case should be 
to save the mjuied extiemit3", however, w"e feel that, after the viability of the injuied 
e\tiemit3" hus been maintained, the idea of "saving” the extremity, without legaid foi 
function, can be earned to an extieme that jeopardizes the w"elfare of the patient sociall3", 
mentall3", and economical^ Foi these leasons, one should not lose sight of the pioposed 
functional result oi ignoie the time necessaiy foi reconstiuction 

The final decision on man3" cases, m w"hich numerous sui gical procedures had been done 
foi repair of w'ar injuries, had to be made by the staff of this Amputation Centei after the 
case had been thoroughly studied, and aftei consultation w"ith othei specialists It is 

*Rcceived for publication May 28, 1948 
TKeleased from active service 
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difRcult to la^ doA\ n definite indications foi amputation folloinng failuies in reconstructuo 
siirgeiy as each case must be studied thoroughl}'^ fiom social and economic, as well a' 
from mental and plwsical, standpoints We shall, houevei, cite afewgeneial indication' 

REASONS FOR AMPUTATION 

In a majorit}^ of instances, various combinations of infection and of injuries to bone, 
muscle, blood vessels, and skin were piesent, rathei than injuiy to a single tissue The 
authors have tried to ainve at the piimai}’’ and secondary indications that influenced^ 
the decision to amputate 

OsteomyehUs 

Amputation, as the tieatment of osteomyelitis per se, is rarely advocated In 111 ca 
(44 pel cent ) of this group, hov ever, long-standing, chronic osteomyelitis was the primary 
cause foi amputation Of these, 81 pei cent had associated bone defects, non-union, and* 
stiuctural defoimit}'’, 19 pei cent had neive damage, 19 pei cent had circulatory impair* 
ment, and 67 pei cent had model ate to large skin defects superimposed on the bone 
infection Of cases m vhich amputation was done primaiily for other causes, osteomyelita 
vas piesent in 20 pei cent 

The medical hteiatuie contams many enthusiastic reports of the treatment of ost 
mj'ehtis by means of sauceiization, followed by the use of skin giafts, muscle grafts, am 
bone chips, as veil as tieatment by the Orr method, vnth or without antibiotics The 
authors do not advocate amputation to replace these methods, which aie effective in 
rehabilitating the patient in a vast majoiity of the cases that require such treatment, but 
cite some instances in which these tieatments failed In each amputation for chrome 
osteom 5 '’ehtis, the patient had pieviously undergone recognized treatment mth unfavor<| 
able results Most of the infected aieas had diained almost continuously for over t 
and one-half yeais, vath little or no benefit fiom the procedures mentioned The majoni 
of patients in this gioup had had between three and fifteen sequestrectomies and saucei 
tions Ke'j and otheis have strongly advocated amputation in this type of case 

Bo7ie Defect oi Shortening 

Although a bone defect oi shoitenmg of an extremity is not an mdication for amputa 
tion, the importance of shortening is greatly emphasized when there is osteomyelitu 
massive skin defect, oi paialj^sis m addition to a bone defect The condition maj’^nellh 
a primar}’- indication for amputation This fact becomes more apparent after prolong- 
treatment, when there is a probability of a poor functional result Regarding this problen 
liirk has stated “Persistent nonunion in bones of the lower extremity in the adult, "" 
ticularlj’' vhere there is marked loss of substance and when repeated autogenous I 
grafts fail, must be considered an indication for amputation” Many of the authors ca 
V ere m this group, osteom 5 '’ehtis being the most prevalent cause of failure In an e\tremi 
with several mches of shortening, associated vnth major skin, bone, nerve, and joint ^ 
function, we beheve that a vell-fittmg prosthesis is more efficient and less unsighth t 
a cumbersome built-up shoe Sixty amputations (24 per cent ) were done pnmanl} 
large bone defects Bone defects veie a secondary cause for amputation in 117 ( 
cent ) of these war injuries In foity-thiee (71 per cent ) of the sixty cases mtli large 
defect, there was associated osteomjmhtis, in 50 per cent , a major skin defect, m < F 
cent , nerve mvolvement, and in 11 per cent , ciiculatory impairment 

Shin Defects 

Patients were often transferred to this Hospital from Plastic Centers, 
or j’-ears had been devoted to attempts at skin-grafting a large area in prepara 
reconstructive bone surger}’- of an extremity Most of these cases showed ai ur 
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Fig 2-C 
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1 ij; 2- \ iiul 2-H llii'J pilunt lud ‘^iisldiiu d slitll-fi ig- 
iiunt woimds of Uio nul't li i: and Kmi, a loinpoiiiul fuicluii 
tliroiipli tlu' iniddh' (Inid of llio nuld lilaa, and incnm))l( l( 

M'plion of tlu (onnnon iii’ioiu-al ruivi Ostionijohtw (icvil- 
opidandw \v trontod 1)\ ■'iiudirition, follouod l)j split-tlnck- 
n("V! ''kin-pnftinn, tlinu months iftor tlu> injun 'llu pap of 
T > nu 111 s (2 1 n ntinu tors) in tlu tihia was hrulpi d hj tians- 
firs of till' idjioint filnil 1 , foni iiul oiplit months hiti i Fol- 
lowing tlu s( cond trinsfii, tlu skin o\ir tlu nnttrioi suifaie 
of the Up slonplud Pmoli grafts won apfiliod latir with 
jiirtiil snoot ss Osti oiiiM litis d(\oloiHd, with st qiustration 
of tho proxim d portion of tho rihnlar piafi St vital sttiuis- 
tn otoniios won' doiii without improMiiunt 

^^hlll tho ]iitiont w IS ti insftirtd to A) illi i lltiil fiiiiLial 
llosiiit il, tiphtiin months iftor nijnr\, he hail multipli 
dnininp sniiisi s md 1 irpi skin doft ots with largt amounts of 
soar tissue intirposid, moompltto pi roni il ])inihsis, i tihial 
hoiit loss of 21 01 ntimotors, ink\losis of tho ankle in modi lati 
oqimius, iiitl 2 mchos ('i ointimotirs) of shortening of tin 
right li g 

Fig 2-C lloi ntgcnogrims t ikon through o isf show iiinssivo 
tihiil dofict iiid misucct ssfiil fibiilar gi ift More ^oarb could 
lino him spt nt in n'oonsfruotivO surgir\ m an ofTorl to 
tradioiti the infiotion, oht iin good skin covorige, improve 
circulition mil iiorei function, and perform bone-graft iiig 
Tho funotionil outcome would lu\i been dubious, even had 
tliosi proouluns bun oirriod out 

I ig 2-D Hoi ntgi nogrim of stuniii after open amputation 
had iioeii performi d, just proximal to tlu irea of osteomjeli- 
tis of the right ti'in Fig 2-D 




Fig Short below-the-knee stump after plastic revm weight. 

Fig Prosthesis has an ischial '' eisht-bearing thi h et require a bent- 

leaving the short stump mainly for activation With the ischml-bearing prosthesis, how- 

prosthesis or even a tlugh amputation in future jeais 
ever, ins present stump should assure man> useful ^'-ears 


lopeatcd attempts at pedicle giafts oi tiill-tliiokness giafts Many eaccllent giafts had 
finally to be disca.ded, due to the multiplicity ot otliei indications toi amputation Much 
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Fig 3-A Fig 3-B 

Fig 3-A This patient was struck by shell fragments, receiving a laceration of the right popliteal 
artery with subsequent ligation Ischaemic gangrene developed Amputation vas performed through 
the first, second, and third tarsometatarsal jomts and through the bases of the fourth and fifth metatnr 
sals, three months after injury One month later, the granulatmg stump end was covered split-thick 
ness and pmch grafts Seven months after injury, a tube skin graft vas begun, this was completed m 
four months After fitting with a special shoe, weight-bearmg was attempted, only to be interrupted bi 
drainage from the skin graft Several smusectoimes, sequestrectomies, and sympathetic blocks iicrc 
performed 

Photograph shons condition of foot upon arrival of patient at Walter Reed General Hospital, tucnti 
ti\ o months after mjur3'' 

Fig 3-B Roentgenogram of partial foot Amputation at a higher level was advised because of (1) 
marked equmus deformity, (2) mabdity to bear weight because of pain, even after several months' 
trial wnth a special shoe, (3) undeilymg infection, and (4) pressure necrosis of full-thickness skm graft', 
without sensation, over weight-bearmg areas After lumbar sympathectomy, a modified or open ampu 
tation (done because of an infected field) was performed at the talonavicular and talocalcaneal joint', 
two jears after the original injury A routine Syme amputation was performed, six weeks later 



Fig 3-C 


Fig 3-d 


Photograph and roentgenograms of healed stump after Syme amputation 

tune had, therefore, been lost, and the body had been marred by donor-site scars 
commensurate functional gam 

Large fuU-thickness grafts on w eight-bearing surfaces, especiall}'' on stumps o ^ 
feet, are, in our opinion, of limited value The authors folloived tiventy-tvo of 
at Walter Reed General Hospital, m some of which the final giafting operation la 
done two to three years before Repeated ulcerations of these grafts occuired, m sp 
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c\on ofToil lo niininii7c pio^suio on tlio ciilKal .iioas by fuinislimg the patient mth a 
spod'illA const incled shoe and witli special biaie attachments 

The iiuhcitions foi imputation of e\tiemitieh with skin defects w^ere 

1 Undeihing ]vitliologicaI changes too extensive foi lepaii, in spite of adequate 
skm-gi ifting, 

2 Undeih ing ji ithologic.il clruiges too extensive foi lepaii, with inadequate coveimg 
of skin, 

3 Eepeited unsuccessful attempts at skiii-giafting, 

1 Uiihc.ilthv skin giafts on weight-beaiing aieas 

Absence of skin on an extiemity was a piimaiy leason foi amputation in only 2 8 
pel cent of the cases In these cases, almost the entne extiemity had been denuded, and 
several ^ eais of spht-thickness giafting and pedicle 
giaftingh id left lpallelt^ of donoi sites, at i opined 
and scaired cxtiemities, exposed painful ncives, 
fibioscd muscles, stiff joints, ind a meagei blood 
supph Skin dc^lclcne^ excicised a more impoitant 
influence as i second in indication foi amputation, 
the problem existing to a faiilv maikcd degiee in 
124 cases oi 50 pei cent of this senes 

Parlwl-Foot Amputaltom, 

Keconstructu c sin gen liis definite limita- 
tions in partial-foot amputations The only satis- 
factorj" paitial-foot amputations of majoi piopoi- 
tion which the authois have seen on Aim)’- 
Amputation Services m the past foui yeais have 
been metataisophalangcal disarticulations and 
tiansmetatai-sal amputations The othei com- 
monly discussed amputations thiough the foot 
were not of so much functional value as those at 
the next higliei le\els, — namely, the Syrae am- 
putation or the below -the-knee amputation The 
authors feel that the optimum functional amputa- 
tion through the foot demands (1) amputation 
distal to the bases of the metataisals, (2) healthy 
plantar skin with minimum scai tissue, extending 



antenorly ovei the end of the stump to the doisal 
skin of the foot, (3) good neive and blood supply 
to the entire plantai skin and skm flap, (4) func- 
tion of the ankle and mtertarsal jomts, associated 
wath strong leg muscles and negligible shoitening 
of the extremity 

Partial-foot amputations, w'^hich w'-eie done in 
tw’enty-tw’o (8 8 per cent) of this gioup of 250 
cases, have fallen mto disiepute for the following 


Fig 3-E 

Permanent type of prosthesis with which 
patient was fitted He w'as discharged two 
and one-half months after the final ampu- 
tation (twenty-si\ and one-half months 
after the original injury) with the character- 
istic painless, even gait He was able to 
wallv several miles a day and wore his 
prosthesis nearly all of his w'aking hours It 
IS easier to judge m retrospect, however, the 
authors believe that a Syme amputation 
should have been done nearly two years 
earlier 


reasons 

1 The essential tripod, foimed by the calcaneus posteriorly, the heads of the first 
and fifth metatarsals anteriorly, and the great toe foi balancing and w’alkmg, is lost or 


covered by scar tissue on the plantar surface 

2 Amputations thiough the foot at or proximal to the tarsometatarsal articulation 
have led to muscle imbalance The insertions of the toe extensors peronaeus longus, 
I peronaeus brevis, and peronaeus teitius— and the major insertion of the tibialis anterior 
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Fig 4-A 

Patient received flak vounds, sustaining a compound commmuted fracture of the right radius mil 
«!. vere injur\ to the ulnar, median, and ladial nerves Treatment m a prison hospital consisted of dram 
mg of abscesses of right forearm These roentgenograms were taken after the patient’s return to Ino 
I lilted States, five months after injury Physical findmgs were multiple draining sinuses of right fore- 
irm complete paralj sis of radial and median nerves, and partial paralysis of ulnar nerve The infection 
of the forearm subsided after numerous sequestrectomies, in addition to local and parenteral 
Llexen months after injury, the remaming distal radial fragment was fused at operation to the diswi 
end of the ulna Fifteen months after mjury, the median and radial nerves w’ere explored and found to 
be damaged irreparabh 



Fig 4-B 

Condition of forearm and hand upon arrival of patient at Walter Reed General Hospital, 
after injurj imputation w as recommended because of ( 1) complete absence of function oi nj 
radial nerx'es and onlj partial function of ulnar nerve below the elbow , (2) irreversible 
arm md hand muscles, (3) fibrous ank 3 dosis of wrist, hand, and finger joints, and (4) mark 
changes throughout hand 

had been lemox ed This left the poxverful posteiior leg muscles unopposed, thus protl 
a marked equinox ai us deformit}^ of the foot Although some still favoi the His 
putation (namely, a taisometataisal disarticulation), the authois believe that le 
and Chopait amputations aie of much less xalue fiom a functional point o up ^ 
the Sjmie amputation oi the below -the-knee amputation The Lisfianc, 

Pnogoff amputations should be considered as having onl}’- histoiical significant^ ^ 

AXD 
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Fig 4-C Hc'ilocl hclow-tlic- 
elbow stump Vmpufution was 
performed o\er two jears after 
original injurj 

Fig 4-D Vftcrtouglicmngof tilt 
stump and strcnglliciiing of the 
arm and shoulder muscles, the 
patient was fitted with prosthesis 
He was discharged four months 
after amputation (twentj -eight 
months after injurj), capalilc of 
writing, handling tools, and caring 
fordaih necessities He was better 
satisfied w ith his function il hook 
than he had been with his useless 
hand 

The forearm, in the authors’ 
opinion, should have been ampu- 
tated as earlj’’ as evidence of 
irrevocable m,r\ e damage had been 
established 


Fig 4-D 


3 When ■weight is home on scarred, doisal, oi grafted skin wnth pool sensation 
skin that is not accustomed to full aveight-bearing — ulceration oi painful callus foimation 
results 

4 No prosthesis has yet been devised avhich avill completely overcome the muscle 
'imbalance and piovide a cooidinated and painless gait after the Lisfranc and Chopait 

procedures 

Some have advocated ankle fusion, tuple aithrodesis, section of the Achilles tendon, 
tendon transplants, and full-thickness skin giafts in an effort to make partial-foot ampu- 
tations satisfactory In patients ■we have seen who had undergone these procedures, the 
pam and disability had not been relieved, and the full-thickness grafts became ulceiated, 
forcing the patients to spend most of their time on crutches or m wheel chairs We feel that 
such time-consuming procedures, leading to functional failures, are contra-indicated 

Difficulty has been experienced in convincing some patients with an unsatisfactoiy 
partial foot that reamputation w^as needed Aftei a w^eek or so of witnessing the 
with w hich Syme and below-the-knee amputees handled then painless stumps in w ell-fitted 
prostheses, these patients w^eie convinced of the need 
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Ncne Impaiuncnt 

Amputation m as frequentlj’’ done for loss of neive function, sciatic and brachial-plcMi 
injuries being the most common In such instances, the patients had undeigone one o 
moie explorations of the impaired nerve, v hen possible Some nerves were repaired, other 
V ere found to be damaged iiieparablj'’ Joint ankjdosis, fractures, and mfection often pre 
^ ented ner\ e repair IITien legeneration did not occur mthin a leasonable length of tinir 
after repair, and when further neuiosuigeiy was deemed mad^^sable by the neuiosurgcon , 
amputation vas lecommended The authois considei a useful prosthesis more desirahh 
than an anaesthetic, ulcerated, defoimed, non- weight-bearing foot (or useless hand) intl 
ankjlosis of the knee and ankle and atiophied muscles of the leg and foot 

Pnmar-\ nerve impairment accounted for foity-foui (18 pei cent ) of the amputation 
in this senes, it v as a contnbutmg cause foi amputation in 14 pei cent of the ca^e 
Tventy-thiee pei cent of extiemities with neive impairment had associated osteomyeliti , 
32 per cent had definitely impaiied ciiculation, 39 pei cent had bone defects, and S'! 
pel cent had leasonabl}’’ extensive skin defects oi trophic ulcers 

Injury to Major Vessels loithout Gangrene 

Major vessels which had been injuied vithout gangrene immediate^ resulting often 
pi o\ ided circulation sufficient to maintain life m an extreimty, but insufficient for healing 
of associated infection oi for mamtammg the part during oi after reconstiuctive surgiwl 
pioceduies In manj'- cases, even aftei sympathectomy, the skm lepaiis, bone grafts, and 
arthrodeses failed, and the patients vere left vith pulseless, swollen, cold, liypeisensitnc 
feet and atiophic oi ulceiated skin 

Altliough minoi circulatoiy problems weie piesent in a vast propoition of the 2o0 
cases, blood supplj^ figuied strongl}’’ m the decision for amputation m only six cases (21 
pel cent ), secondaiily m fift 3 '’-one cases (20 per cent ) 


FINAL EVALUATION 


After consideration of these factors, it is apparent that the decision to ampulat 
‘should, vhen possible, rest on the opinions of several men experienced in leconstructiv 
and amputation surgery, vho have studied the individual case 

Mtei surgical evaluation had been completed, the standard procedure was to as f 
patient his desire and opinion In laie cases, usuallj’' of upper-extremity injuries, 
patient prefeired a useless extiemitj’" to a useful prosthesis No patient of this group 
amputation without his full approval Although some of the amputated extiemities con 
have been sa\ed bj’’ fuithei extensive reconstructive surgeiy, the extremit}’’ woul 
been functional!}'- not so valuable to the patient as a prosthesis . 

The pohc}’- of the Aim}’- Medical Corps has been to letuin each soldier to actnc 
or to civilian life m the best possible physical condition, regardless of expense or en 
of treatment This situation is ideal for reconstructive surgeiy Even under these 
conditions, hovevei, the 250 patients m this group independently preferred 
to a protracted hospital course Anth dubious results Amputation, howeA'^er, 
means elected m all cases referred to us Many patients thought severance of the ex r 
synonymous AAuth a rapid teimmation of their difficulty The authois did not 
correct this delusion and to conA^mce them that continuation of reconstiuctu'e 
vas important to their AAelfare, AAhen a satisfactory functional result could 
m a reasonable length of time This group of patients did not have to be persua e 
the staff thought amputation adAusable t,eDt 

TMien prolonged treatment inxmlA’-es many of the most productive years o , 

life and his oaati extremity, his AueAvpomt must be considered It is difficult to m 
unAA-ilhng patient, undergomg full-thicknc§5 skm-graftmg oi encased m plas -er 
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tieiif'' i\Ir> \\('U' most unwillinp; wimc those who had ahcady been hospitalized foi years, 
and wliose outlook foi funelioiiTl leioieiv was still vciy doubtful 

Fiiluu's occui in ain])utation suigeiy, as in leconstiuctive suigery, and they should 
be pie\onted when ])oshiblo When iminitation is indicated, the surgeon must select the 
proper t^pe foi the ease being considcied Meticulous hemostasis and atiaumatic tech- 
nique 111 the h'Uidhng of the fieshlv seveied tissues’' must be supplemented by preopeiative 
and postopeiatn e cue, followed bi physical theinpy The surgeon must have knowdedge 
of the prostlie^-es iviilable, of then mechanics and function, and of the piopei time to 
send the patient to be fitted^ He ilso must encouiage correct eaily walking habits, if 
possible, and w atch the condition of the stump in this ciitical peiiod while the skin is still 
tendei If these jn inciples ai e not obsci ved, the amputating surgeon, like the reconstructive 
surgeon, will obtain pool functional oi ichabihtative lesults Oui poorest rehabilitative 
results haae been those necessitating hip and shouldei -joint disaiticulations and high 
thigh and arm amjiutations, as iirosthcses foi these amputations are still not satisfactoiy 

CONCLUSIONS 

1 Vmputatioii as an end lesiilt is Ijcttci than a painful oi useless extiemity wathout 
hope of restored function 

2 The functional end icsult of extremity reconsti action and the time necessaiy to 
obtain this result must be kept constantlj’^ in mind 

3 Amputation in selected cases, when earned out m the piopei mannei, and wdien 
the limb is fitted wath a correct prosthesis, should be considered a foim of constructive 
treatment 
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TABLE I 

Fivdings from Studf of Sixti-fi'V’f: Menisci 


Case 

Xo 

\gc 

and 

Sex 

Joint 

Volume of Meniscus 
{Cubic centimeters) 

Initial Length 
between Clamps 
{Millimeters) 

Weight Needed to 
Produce Fracture 
{Pounds) 

1 

Medial 

Lateral 

Medial 

Lateral 

Medial 

Lateral 

1 

32 M 

I.eft 


! 

28 


52 


2 

58 M 

Tmft 



53 

60 

56 

54 

3 

38 M 

left 


1 

52 

45 

79 

92 

4 

54 M 

Right 



46 

37 

84 

94 

5 

G8F 

Left 

3 8 

3 4 

56 

40 

43 

93 

G 

48 F 

Right 

2 4 

- 

35 

39 

71 

84 

7 

58 M 

Left ' 

3 3 

2 5 

40 

34 

59 

78 

8 

G1 M 

Right 

4 6 

4 7 

51 

52 

75 

107 

9 

37 M 

Left 

1 5 

2 8 

42 

30 5 

40 

65 

10 

42 F 

I^eft 

2 2 

2 0 

36 5 

41 

70 

60 

11 

58 M 

Lift 

2 8 

2 1 

40 

38 

39 

59 

12 

71 F 

Right 

3 9 

3 0 

40 

35 

79 

73 

13 

4GM 

Right 

3 7 

3 0 

32 

37 
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field i\ho was impiessed bj'- the i elation of the waviness of the elastic fibeis to the elasticity 
of the fibiocaitilages He stated that this wavmess of the elastic tissue is important in the 
undei standing of the pathological changes, paiticulaity in refeience to their rupture He 
fuither observed that, with the onset of the degenerative changes in the menisci, the wavy 
chaiactei of the elastic fibeis is lost, the fibeis become straight and often rupture 
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It has been established by Toblei, Bennett and Ins associates, and otheis tli 
degcneiatne changes begin beti\een the fiist and second decades of life Coiisi(lciinc tl 
eaily appeal ance of the degeneiative changes and then effect on the elastlclt^ of !l 
menisci, Me can undeistand the occuiience of tiaumatic lesions of the stuictiiios in tl. 
second and thud decades of life 

Theie is little doubt that in then noimal functions the menisci, especiallv the modi > 
one, suffei man}^ stiesses and stiains As Fishei has pointed out, they “assist the latora' 
ligament of the opposite side to lesist undue lateial movement” Fuitheimoie, in 'nuldt 
invaid tvasts oi lotation of the femiii on the fixed tibia, the medial meniscus is put undi, 
extieme tension Obviousl}’’, the veak medial meniscus, lendeied veakei by degeneratn. 
changes, m ould be unable to i esist the stiain In vieu of these facts and of oui o\in ohsen i 
tions, it seems plausible that the inheient veakness of the medial meniscus, in associalio 
Mith its shape and stiuctuie, is as much lesponsiblefoi the high incidence of itsuipturoaM 
its slight attachment to the tibial collateial ligament 
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RADIATION OSTEITIS OF THE RIBS 


Report of a Case avith Fractures Appearing 
Four and One-Half and Eleven Years after Therapa 

BA ERNST A POHLE, M D , AND RALPH C FRANK, M D , MADISON, AVISCONSLN 

From the Department of Radiology, University of Wisconsin Medical School, Madison 

Radiation osteitis has leceiA'^ed httle mention in the hteiatuie Only m 
has the gioinng inteiest in this phenomenon been i effected by an increasing n 
articles on radioneci osis of the mandible, the femoial neck, the iibs, and otier - 

structmes problf' 

Rib inAmhement b}" ladiation osteitis does not entail the 
inherent m invohement of v eight-bearing bones Hov'evei, the task of i 
such sequelae fiom metastatic foci makes then lecogmtion impel atn^e 
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lliis i)ipoi IS to piosonl !1 (.ISO of I.ulmdon osipids m \\lnch fi.icdnes of the iibs appealed 
foul md oiip-lnll ind p|p\en ^p1ls, lespec (nclv, allei Ihe inidal postopeiadve loent- 
gcnollipi ipv foi (MKinom.i of I lip liipasi 


f \S1 ill I’OllI 


II C, , i while worn in, fort^-nlIle Mars old, was rehiicd to the Wisconsin Gcncial Hospital on April 19, 
193", for ridmtion lh(rip\ following a radical Itff niasttetonn, performed elsewhere on March 29, 1937 
\Gmd( III ciromoiiii had been icnuned and a\illai\ nictastases were found The patient had been conscious 
of pun ind i luinii in tlii h ft broist for onh two wtaks piioi to suigciy 

Using 1 1( chniqiK' described in det iil lij Pohlt and Benson, postoperative roentgenotheiapy was admin- 
istiud to eieli of four fields daiK for eight tn'atim nts Tin fields tieated weie the supraclavicular, anterior 
portion of lire isl, md anti nor md iiosieiioi a\ilJar> ngions .Siinilai couiscs of therapv were given in Jul} 
and Dect iiilx r 1937, in luK 193S and m I'cbiu ii\ 1939 In all, a total dosage of 7,750 r (in air) W'as admin- 
istered to eieli of the four fitlds tre ated eluring that peiioel The patient was well and free from metastases 
it the tune of he r 1 ist e\ unination, Ianunr\ 12, 1948 

On Septemln'r 30 1941 radiation osteitis and iiatliological fractuie of the anterolateral arc of the left 
fourth rib were found \ routine chest film on September 14, 1940, had been negative for metastasis or 
radiation osteitis 

In a group chest sureej on December 30, 1947, the fracture which occurred eleven years following 
thcrape was suspected of being a metast isis, the attending phjsician, who lecognized the true character of 
the lesion, referred the jiatiint to us chu fl\ foi uassurance * Our roentgenograms, taken on January 12, 
1948, reiealed jiarti il hoiling of the pn \iousI\ discovered fracture in the fourth nb and the appearance of 
radiation osteitis and pithological fracture in the anterolateral aic of the left third nb (Fig 2) 



Fig 1 ^ 

Fig 1 Roentgenogram taken on April 4, 1942, demonstrating radiation osteitis and pathologi^l 
fracture of the anterolateral arc of the left fourth nb, changes w hich had been detected first on Septem- 

"Fig’2®Roentgenogram of January 12, 1948, showing healing of the fracture m the fourth nb and 
Wearance of radiation osteitis with associated fracture m the ^ ^ 

The third nb w as not involved until eleven years after the initial therapy had been administered 


DISCUSSION 

In a previous article on this subject by Paul and Pohle, the hteratuie was reviewed 
and the roentgenographic findings were described A detailed review w ill not be repeate , 
but a few^ comments are indicated 

* The last roentgenogram of the chest on file before December 1947, was taken on March 3, 1945, and 
was reported as negative 
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Bone, e^ en adult bone, can no longei be legaided as lelativel}'^ insensitive to irradn 
tion Its calcium content lesults in inci eased absoiption of lays enteiing it as comparedto 
less dense tissues Slaughtei stated that, accoiding to Failla, this inciease amount'; (q 
30 to 40 pel cent The mineial content also pioduces a gieatei amount of soft secondm 
radiation than is found in othei tissues Waiien legards bone as moie sensitive to iiradn 
tion than slcin oi mucous membiane 

As pointed out b}^ Eving, the extent of bone involvement vanes fiom minimal r^ 
^elSlble changes thiough scleiosis, fiactuie, and sequestration, to the most severe tipe 
m v Inch secondai}" osteomj’-ehtis occuis The last is found most frequently in the mandible 
Radiation osteitis is usually painless, except in mandibular cases mth superimposed infcc 
tion When s3’'mptoms occui, thej’’ aie most often due to mechanical disability ansing 
fiom involvement of v eight-bearing bones Since iib involvement is almost alwai 
as3'mptomatic and pamless, the feai of producing this complication should never intei fere 
with the administiation of an adequate couise of theiapy in bieast carcinoma oi other 
lesions of the chest wmll wheie iiiadiation will involve the ribs 

Spontaneous healing of fractuies due to ladiation osteitis appaiently depends upon 
the se'\eiit3'^ of bone involvement and the degiee of obliterative endaiteritis inherent in 
the process Roentgenogiaphicall3q the fiist change is the transverse irregular fiactiirc 
line, appealing in the anterior oi anterolateral arcs of the upper iibs Malalignment mm 
be present and the bones are usually osteoporotic Bone sclerosis may appeal later In 
case of healing, the bones are increased in density 

Recognition of the tiue nature of the lesion is of piime importance The absence of 
any hist 013’- of trauma and the as3’-mptomatic nature of the lesion distinguish it horn a 
tiaumatic fracture Moie difficult, and more important, is the diffei entiation from a 
metastatic focus The tiansveise fracture line, almost constant location of the lesion in tlic 
anterolateral arcs of the thud to the fifth iibs, slow progression, and tendency to heal 
either bv bon3 union 01 ebuination of the ends of the fracture fragments, as opposed to 
the moth-eaten laiefaction 01 destruction seen in metastatic disease, aid in the differ 
ential diagnosis 


The time inteival betiveen therap3'’ and the appeal ance of osteitis has not been re- 
ported adequatel3’’ in the literature It is becoming increasingly apparent that radiation 
osteitis IS a lesion which ma3'^ appear at gieatl3'^ prolonged intervals following irradiation 
Fiiedmann has reported a case in wffiich 11b fractures occuiied five and seven yearb after 
the stait of theiap3" for bieast carcinoma Theiapy was admimsteied before and after 
ladical mastectom3'^, and seveial local metastases weie treated within a period of three 
veais The total amount of 11 radiation, theiefoie, was fai greater than usual 

Wammock and Aibuckle, using interstitial ladium therapy for bieast carcinoma an 
emplo3ing an average of 22,000 milhgiam-houis per patient, reported ten cases, 
of carcinoma for periods langing fiom foui to nine years, and all with 11b fractures '' "c 
appeared from eleven months to seven 3'^eais after the start of theiapy ^ 

Eight cases of radiation osteitis, five with fracture of the clavicle and three wit 
fiactuie as sequelae to therap3'', aie reported by Slaughter The time inteival het"’<^^ 
theiap3’' and detection of osteitis m his cases varied from one to sixteen years Howe'^^^ 
the time of onset of the complication was not detei mined, since the osteitis was 
an accidental dlsco^ ei y, no pi ogi ess films haAung been taken at regular intervals n 
claAnculai cases, those with a long interval showed e^^dence of long-standing mvo lem 
Slaughter estimated that the iibs and claAucles received about 2,000 r 

ReAiewnng 2,046 cases of intracranial tumors. Camp and Moreton found 
aseptic necrosis of the calvarium The3'- did not regard this figure as the true 
the comphcation, smce not all of the cases reAueived had an adequate follow-up 
11b mvolvement, radiation osteitis of the calvarium is an asymptomatic tl 

of its occurrence should not be a deterrent to adequate therapy In their five ca^ 
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longest niton .il hot w con thol!^]l^ and cliangos in the (.alvaiium Mas tiveh^e yeais, the time 
of onset being jn oved by nitci mediate films In two cases with detection of the involvement 
at foul teen nid se\entcen 'seais, the actnal time of onset was not detei mined 

Hitchci lepoitcd a woman ti cited foi bioast oaicinoma, following mastectomj'^, 
through inteiioi iiid lateial jioitals to the light shouldei The quantity of iiiadiation w^as 
unknown, but no skin ohinges oioinicd Kloien ycais latei chest pain developed and, 
iftei fuilhei thoiapv, i chondi osauoma of the anteiioi poition of the light seventh nb 
was lescoted Although Hitdiei behoied the saiooma to be lelated etiologically to the 
nradiation, we tinnot but floiibt such .1 lel itionsinp The occuiience of bone saicoma in 
theiapcuticallv niadiited tissues is oiKountoied so niel}'^ that its occuiience could be 
considcied inciclv conieidcntal In addition, the antciioi segment of the seventh nb 
receucs onh a small amount of 11 iadi.it ion with the usual techniques employed in the 
therap^ of bicast ciicinoim Most of oui patients have shown the changes of ladiation 
osteitis onh in the thud to the fifth iibs 

CONCLl SIGNS 

1 Radiation osteitis of the iibs associated with p.ithological fiactuie is a slowly 
developing lesion winch may appeal at \aiving inlenals following initial iiiadiation The 
ele\en-3ear intenal 111 the case picsented is behe\cd to be one of the longest leported 
in the literature 

2 Healing of such fiactuies may occui, but the piocess is veiy slow, as evemphfied 
by the presence of onlj' paitial healing in one such fiactuie dining a si\-year obseivation 
period 

3 The importance of distinguishing ladiation osteitis fiom metastatic caicinoma 
should be emphasized 
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THE TREATMENT OF NON-UNION OF FRACTURES 
OF THE MEDIAL MALLEOLUS 


Bl B^NKS, M D , CHICAGO, ILLINOIS 

From the Department of Orthopaedic Surgery, Northwestern U niversity Medical School, 
the Chicago Memorial Hospital, Chicago, and Hines Veterans Hospital, Hines 

The purpose of this paper is to describe a bone-grafting technique foi use in cases of 
sAmptomatic non-union of the medial malleolus Not all pseudarthroses of the medial 
malleolus require treatment A strong fibrous union mth the fragment in good position 
may be compatible mth full function of the extremity and ma}'- produce no symptoms On 
the other hand, coirective surgerj’- is indicated in the presence of disabling s3fmptom' 
These consist either of pain and su elling over the malleolus, an associated posterior tibial 
tenos3movitis, or instability of the ankle 


TECHNIQUE OF OPERATION 

The bone is exposed subpeiiostealty and the deltoid ligament is isolated beneath the 
deep fascia All fibi ous tissue betw een the tibia and the malleolus is excised The fiagracnt 
are fieshened so as to expose cancellous bone by remo\ung the bone at the site of non 
umon in a vedgehke fashion, mth the apex at the surface of the ankle joint and theba'C 
outvard This preseives a maximum amount of the articular suifaces The fiacture of the 
malleolus is reduced, and the bone is held by towel clips or tenaculum forceps nhilea 
metal sciev, one and three-quai ters inches long is passed upward through the malleolu 
fiom Its tip into the tibia 

The tnangulai defect betv een the malleolus and the tibia is packed wth cancellou 
bone obtained from the tibia thiough a vandow at the pioximal end of the wound A block 
of cortex, one and one-half inches squaie, is removed, as shovm in Figuie 1 The bone 
IS undeicut in such a v aj’' that the block mil not fall into the medullaiy cavity of the tibia 
vhen it IS leplaced The vound is closed in layeis and a toe-to-knee cast is applied, wth 
the foot in sufficient vaius to lelax the deltoid ligament 


POSTOPERATIVE CARE 


The plastei is changed in fourteen days, when the sutures are removed, and a ''al in 
lion IS incorporated in the new cast Partial weight-bearing mth crutches is , 

during the next tv o weeks, and full weight-bearing thereafter Roentgenograms 
from eight to ten v eeks after the operation should show consolidation of the fracture, i n 
the cast ma}’’ be ehnainated Whirlpool baths, massage, and assisted active motion afi 
tate the final lecoi erj’’ 

Six patients hai e been treated successful^ by this method The following case repo 
are chaiacteristic 


C\SE 1 R T , a male, aged ti\ent 3 "-seven, sustained a fracture of the medial malleolus jo 

at the junction of its middle and distal thirds, vith lateral displacement of the right foot, on 
1947, when a bnck wall collapsed and fell onto his leg A closed reduction was performed un 
anaesthesia immediateb after the injury , a plaster splmt w as w orn for seven w eeks The patient .j 
w ork on 3Iarch 2, 1948, but w as unable to continue after tw o w eeks, because of severe pain and swc 
the medial malleolus ^ (p- 

Theauthor firstexammed the patienton Apnll9, 1948 Physical and roentgenographic examma lo^ 

2-A and 2-B) show ed non-umon of the medial malleolus w ith persistent slight lateral displaceme ^ 
foot \ cancellous bone graft was apjjlied on April 21, and the malleolus was fixed hy a meta sc 
genograms (Figs 2-C and 2-D), taken eight weeks latei, showed umon of the medial jnb- 

the cast was discarded The patient achieved full painless motion of the ankle and returnt o 
bncklaj er 

tnivT sir'"' 
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malleolus with anterior incision. removed from tibia 


displacement 



Fig 1 


rici 1 

Artist’s drai\ing showing surgical technique foi treatme^ of non-union 
medial malleolus (Reproduced, hi pei mission of The A ^r Book Publ , , P 

Banks’ Pictorial Handbook of Fracture Treatment, Ed 2 Chicago, 1947 ) 


Case 2 J R C , a male, aged thirty-eight, shpped on uneven ground m Scptembei 1945, and sustained 
a bimalleolar fractui e of the loft ankle w ith lateral dislocation of the foot Closed reduction w as performed un- 
der general anaesthesia at an army hospital, and the ankle was immobilize in a eg c^ or ou een w 
When the patient was dischaiged from the Military Seivice, he was told that the medial malleolus had not 

united, but he refused further treatment 

On July 2, 1947, the patient entered Hines Veterans Hospital, complaining J®®. 

of the left medial malleolus He had been unable to work as a laborer because 

physical examination showed swelling and tenderness over the posterior tib.al tendon behind the malleolus, 

roentgenograms showed non-union of the bo^e w\"re carried out Roentgenograms ten 

On July 5, an open reduction and grafting vntn canceiious Tho uoc: 

weeks later (Pigs 3-C and 3-D) showed union of the malleolus, and the cast was e 

>.1 vcigs o aiiu o The final result w as excellent, and the patient 

subsequentlj removed, although it w as not causing sj mptoms i 
IS now w orking as a laborei 
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Fig 2-A Fig 2-B 

Case 1 Anteroposterior and lateral roentgenograms of right ankle show non-union of the medial mal 
leolus mth persisting slight lateral displacement of the foot 



Fig 2-C Fig 2-D 

Roentgenograms obtained eight i^eeks after operation show umon of the medial malleolus 
correction of the space betw een the malleolus and the talus 


DISCUSSION 


The treatment of non-union of the medial malleolus, as recommended by 
Watson-Jones, and othei authois, emploj'-s a full-thickness bone giaft, taken fro^^ 
proximal end of the same tibia through a second incision The' graft is ‘ ,pj 

as to cross the fractuie site, or is fashioned into the form of a peg and passe 
through the malleolus into the tibia, similar to a metal nail Although one ma> e 
high percentage of umon nhen either of these methods is utilized, the techniqu 


and joint 
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cnnccllous bone, ns dosciilicd m this papci, oHcis coiLain advantages, especiallj'’ its sim- 
plicdi of c\e(’u(ion Consideiable opciafing (ime is consumed in fashioning a coitical- 
bone peg, i( oflois pool fi\ dion, and, because of i(s small calibei, it fiequently bieaks as 
(he gi if( Is being insei led \.( (he same (ime, (he (o(al thickness of bone which ciosses the 
site of non-union is sm.ill The inhu (vpe ot bone giaft is not appiopiiate foi this condi- 



Fiq 3-C 

Union of the malleolus n as obtained ten eeks after bone-grafting, n ith return of painless function of 
the ankle joint 
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tion, because of the small size of the malleolai fiagment and the difficult}'- of niaintainin; 
fixation of the giaft 

In contiast, the use of a metal scien lesults in stiong internal fixation and permit 
eaily eight-beaiing Cancellous bone, A^hich is packed into the tiiangulai defect, Mill no* 
onl-y' consolidate and be replaced moie lapidl}’- than a coitical giaft, but the greato. 
amount of bone tiansplanted to the site of non-union is moie hkel}'^ to stimulate union 
Anothei impoitant adAmntage is that the malleolai fiagment, which is usually quite small 
need not be signihcantlj’- shoitened oi appioximated to the tibia, except to lestoieion 
tmuity of the aiticulai suiface 

Occasional!}", because of paitial absoiption of the malleolai fiagment, it cannot k 
bi ought into contact A\ith the tibia, in spite of maximum vaius of the foot In tMosnch 
cases, the authoi fixed the malleolus with a sciew in the best position obtainable and 
bridged the defect uith cancellous bone The bone must be prevented from entering the 
joint 01 coming into contact vith the medial aiticulai suiface of the talus, foi the result 
mg incongruous suifaces -nould cause an early aithiitis 

The simplicity of the procedure saves considerable operating time, and union has boon 
obtained u ithin eight to ten v eeks 
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ISOLATED FRACTURE OF THE CORACOID PROCESS 


B\ iMXJOR ROr C ROUNDS, Medical Corj)s, Umlcd Slate's Army 

Because isolated simple fracture of the coracoid process is seen mfiequentlv, 
loving case report is presented 


A housevife, vho vas five months’ pregnant, slipped vhile can 3 nng a tvo-jeai 


-old child and slid <l"’' 
wtht! 


a flight of tvent 3 -tv o steps on her back She arrived at the bottom of the staiis in a sitting 


child uninjured in her arms Because of fear of an abortion, she i eported to the Obstetric Clinic, m spd® 
fact that she vas suffering severe pain in the left shouldei and that movements of the left arm 


vtre 


painC 

WTien seen in the Oithopaedic Clime, examination revealed ecclwmosis and moderate / 

left mid-mfraclavicular region, this region vas extremely tendei to piessuie She held the 
flexed at the elbov , and she supported it against hei side vath the right arm Attempts to exten * ^ j 

activeb or passu eh produced sexmre pain m the region of the coracoid All motions of the shoulder p 

The onl} bone injUT} of the shoulder noted roentgenographicallj" was n fracture through the w- 
coracoid process, vath complete separation of the coracoid from the scapula (Fig 1) ^ 

Treatment consisted of immobilization of the acutely flexed arm against the chest vith a i^’^- j 
dressmg, reinforced vath adhesive tape After tvo veeks, the arm vas transfeired to a tnangu a 
careful actue motion of the elbov and shoulder vas encouiaged The sling vas discarded tv o ' 
at that time all pain had disappeared and loentgenogiams shoved union of fragments Fina ,,1 1 

taken tvo months after injurj, vhen physical theiapx had been discontinued, shoved so u 
fiagments in anatomical position (Fig 2) . 

* Published under the auspices of The Sui geon General, United States Ai ni} , v ho docs not n 
simie responsibUiti for the professional opimons expressed b^ the authoi 
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\.p])ciian(c of «?houldci it time of admission 






Fiagments had united solidb, two months after mjui} 

In this case, the fractuie could not have been due to diiect tiauma, but tvas the lesult 
of indirect foices acting on the coiacoid piocess It vas pioduced eithei by the foice of 
i sudden violent con ti action of one oi moie of the thiee muscles attached to the piocess 
against a fixed scapula, oi by sudden motion of the scapula away fi om these muscles, t\ hile 
they veie in a contracted state 
'OL 31 A xo 3 JULX 1049 





SPRING SPLINT TO SUPINATE OR PRONATE THE HAND 

BY STERLING BUNNELL, M I> , SAN FRANCISCO, CALIFORNIA 

Spiing 01 elastic splints coax joints into the position desired moie efficien% thand> 
iigid splints In addition, they exeicise the limb, improve its nutrition, and mobilize th 
joints 

At piesent the Funston splint is the most popular for holding the hand in supination 



Fig 1 Special attachment iihich, when clamped to a standard right-angle elbow splint, will produce 
supination or pronation by a twnst of the spring 

Fig 2 Attachment dismantled to show' cuff, axle and sleeve, torsion spring, and clamp 



Fig 3 The hand is twisting the spring in the direction of pronation 
Fig 4 The spring has rotated the hand into supination 


It consists of a iight-angle non along the medial side of the arm, cuffs aie fastenec to 
arm, and a flat cuff at the end holds the hand 

A simple detnee that may be attached to a standard right-angle elhotv splint is ^ 
in Figure 1 A springy force of any desired amount, in supination oi pionation, n 
duced by tv isting a ribbon of spring steel (10 by 0 5 by 035 inches in size) The a J 
ment is b}'’ a set screw, which holds an axle in the desired position 

The stnp of spnng steel is fastened by a clamp at its proximal end to the me 
of the upper poition of the forearm piece of a standard right-angle elbow splint 
flat cuff, adjustable to fit, encircles and controls the hand A rod, curved to t a o 
front of the dorsiflexed wrist, is fastened to the cuff by one central bolt in the pa 
short rod terminates proximally m a sleeve A short axle, riveted to the ena o 
of spnng steel, fits into this sleeve The sprmg is twisted to give the desired d . 

in either supination or pronation (Figs 3 and 4), and the axle on the spring is 
position by a butterflj' setscrev m the sleeve The torsion force is transmitte 
by the flat cuff The central bolt m the hand cuff allows the cuff to be turne 
either hand 
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FORCICPS FOR GRASPING AND HOLDING BONE PLATES 

in MMLU iM SlONl , M D , NI \V 'lOIlK, N ^ 

Tlie gi uspiiig and liolding foiccps picbcnled hoic (Fig 1) has pioved helpful as a 
simple and socuio method of handling a bone plate foi fixation of a fiactiue The foiceps 
will facilitile the non-toiieh technique, and has many advantages foi those who do not 
follow this technique The openting field is unobstiucted by hands holding the plate m 



Fig 1 

Forceps, mill detail of tip in circle 

the wound, and theie is less dangei of diopping the plate w^hen held by the 
foiceps than when it is held in the w'et gloved hand oi by the hemostat 
The foiceps facilitates the handling of the bone plate and its application 
to the bone at the fiactuie site The plate is held in place by an assistant, 
w ho IS enabled to keep w ell out of the operator’s field until the plate has been 
secuied bj’’ one of several bone clamps, prior to insertion of the sciews When 
the plate is held firmly against the bone by the clamp, the forceps can be 
easilj’- disengaged and removed by unlocking the ratchet 

Mai ring oi scratching of the bone plate is reduced to a minimum, due 

to the design and construction of the instru- 
ment It IS recommended that the plate be 
giasped and held at the twm end screw holes 


V 




Fig 2 


Application of plate to bone surface wth forceps, prior to clamping 

(Fig 2), since the operator thereby has greater freedom in clamping the plate to the bone 
The forceps has been used by members of the surgical staff at the Beekman-Down- 
town Hospital, who have found it to be of considerable practical value 
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LEGG-PERTHES DISEASE AND SLIPPED EPIPHYSIS 
IN THE SAME PATIENT 


A Case Repori 

B'i HERBERT R M^RKHEIM, M D , BALTIMORE, MARYLAND 


From Kernan Hospital *, Ballimoie 

In a leMen of a senes of fifty cases of Legg-Peithes disease, one case was found i 
i\hich Legg-Peithes disease developed in one hip nhile, at a latei date, the other hi, 
‘showed slipping of the capital epiplijs^sis 


R M an ele\ en-j ear-old w hite boj , w as admitted to Kernan Hospital on IMay 4, 1934, complaira » 
of a limp on the left side His mother stated that she had noticed the limp for about si\ months, but that tier 
had been no complaint of pain The past historj and fairnlj'- history w ere non-contributory The piti r' 
w as w ell developed and w ell nourished The spine w as straight, but the left side of the pelvis i\ as low cr tb 
the right The chUd walked with a limp, favonng the left lower extremity The left lower e\tremit\ 

1 2 centimeters shorter than the right The left thigh measured 2 centimeters less than the right in oircur 
ferenct The left hip lacked 15 degrees of flexion and 20 degrees of abduction when compared to thend 
hip Internal and external rotation of the left hip were also restricted 

The urine showed a trace of albumin, but microscopic examination was negative The red blood-o'' 
count was 4 500,000, the w hite-blood-cell count was 7,000, the hemoglobin was 75 per cent The serologifi 
findings were doubtfulR positive on two occasions, and negative the third time Roentgenograms reicali. 
bom destruction of the head and neck of the left femui, with flattening of the head (Tig 1) A diagnos. r 
Legg-Perthes disease of the left hip was made , 

Skii traction w as applied to the left low er extremity for thirty days Follow ing this penod, he rcniai^’ 
in bed foi ten dajs while an ischial caliper for walking was bemg made for the left lower extremiti u' 
"olc of the right shoe was built up about two inches, and the patient was permitted to walk He waidi" 



Fig 1 

R AI Anteroposterior roentgenogram of both hips Legg-Perthes disease is endent on 


the lef' 


* Semce of Allen F Voshell, M D 
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(liiipd ift.i two moiitlis (ifliov-pil ili/ilion 11m pilidit was folhmc d m tlic Clinic, and Ins biacc w is dis- 
( ndiii ifid 111 liid woin i( fill oni md nni-ludf \( ns 

InDiidnhd l'H() (In iliildwis iin l)ioiii;liMii liu Clinn In Ins inotlid, who liad obseivcd that he 
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was “knock-kneed” On Januarj 2, 1937, he was readnutted to the Hospital The boy had been iiclhmt 
three months before admission, when an infection of the upper lespiratoij^ tract had developed, and a coiif 
which persisted Although he had not been weighed, his mother thought that he had lost some weight ir 
that he “wasn't walking right” 

Pin sical examination show ed a soniew hat undernourished, pale, blond boj^, w ho w as 1} ing m bed in r 
apparent pain or discomfort A marked apical thrust was palpated, 7 centimeteis to the left of tlie mid lir 
at the fourth interspace There was no thiiU oi arrhythmia Following exeicise, the pulse rate grenth ir 
creased and did not return to normal for some time At oithopaedic examination, bilateral genu inlgurnnH 
observed The patient w alked as though both hips w ere stiff There w as an increase in lunibai lordo-'h, ar 
both greater trochanters seemed slightly elevated The left thigh was 1 centimeter smaller than the rigl 
m circumference The right low er extremit3’- w as 1 2 centimeters shorter than the left Motion at the Lip 
was as follows flexion, 120 degrees on each side, abduction, 15 degrees on each side, adduction, normal r 
each side, exlemal rotation — left 5 degrees, right 5 to 10 degrees, internal rotation, 0 degrees on each «i(l 
extension — left 0 to 5 degrees, nght 5 to 10 degrees 

At the time of admission the urine contained albumin (-1--1-+), leukocytes, and hyaline casts, wcdJi 
determinations for twentj-two weeks demonstrated no change The i ed-blood-cell count was 3,2o0,00il 
the hemoglobin was 65 per cent , the w hite-blood-cell count w'as 7,400 Serological findings were negitin 
The non-protein nitrogen at the time of adrmssion wms 146 milligrams and the creatinine was 4 3 millignni 
per 100 cubic centimeters 

Roentgenograms of the left hip show ed nearly complete destruction of the head of the femur, sliortonin 
of the neck, increase of the joint space, and coxa vara The right hip demonstiated a slipped epiplu i 
widening of tlie neck of the femur, and destructive changes at the epiphyseal plate (Figs 2 and 3) Tl> 
diagnose - weie Legg-Perthes disease of the left hip, slipped epiphysis of the right hip, and chrome glomoru 
loneiihiitis 



Fig 4 

Roentgenogram taken three j’-ears after Fig 1 

While the bo} was in the Hospital, both lower extrermties were placed in skin traction for t\ j; 
After removal of the traction, the limb lengths were equal Abduction and internal rotation we ^ ^ 

restneted bdateralli , 3 et the patient seemed to be able to walk much better He w as afebn e un ^ , 
and one-half months m the Hospital, and the non-protein mtrogen dropped to 82 milligrams 
centimeters He was discharged on June 22, 1937 (Tig. 4) 

and joint stt'- 
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FR VCrURES OF THE ANKYLOSED SPINE 


in I IlNST W III.KGMANN, Rl D , NLW ROHK, N \ 

From the Oilhnpaidic Scimcc* of lirUcvuc llo^pilal, New York City 

Fi icluios of llip \ei(chial column m Maiie-Stiumpell disease aie uncommon, yet 
m I'ecenl vcais i numbei of sucli cases have been seen bj’’ membeis of this Staff, some on 
this SciMte and some clsewheic 

^ en little h is appealed on this subject in the liteiatuie, all the authoi has been able 
to find lie two single cise lepoits fioni the Geiman liteiature, — one by AbdP, in 1903, 
and the other, by Stiasin", in 1933 The fust lefeiied to a fiactuie of the lumbar spine in 
which the cauda equm i was i luslied, and the nc\t to a fiactuie between the fifth and sixth 
cemcal leitebiae, lemiikible by the absence of gioss neuiological changes and also by 
its speedR consolid it ion 

To these we can add foiii cases of fiactuie thiough the low^ei ceivical segments A 
fifth case of this tR pe is not included, as the patient died shoitly after he w^as admitted to 
this Hospital Although no definite conclusions can be diawn from this small number, the 
cases hai e much in common They all occuiied in middle-aged men with a long history of 
ankylosis of the spine, complete fiom the occiput to the pelvis This completeness of bony 
fusion o\er the entiie spine appeals to be a peitinent faetoi in the fiactuie mechamsm, as 



Fig 1-A Fig 1"^ 

Fig 1-A Case 1 A recent fracture through the interspace bet\\een the fifth and sixth cervical 
vertebrae 

Fig 1-B The fracture has consolidated 

the absence of any spnng action wathin the spine makes it impossible foi the impact of a 
fall to be absorbed 

Unlike a fracture of the compression tj'^pe m the ordinary spine, the ankylosed spine 
breaks like a long bone, tiansversely, as a result of a bending force All the fiactures oc- 

* Arthur Krida, M D , Director 
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Fig 2-A Fig 2-B 

Fig 2- ^ Case 2 A recent fracture, at the same level as m Case 1 
Fig 2-B \fter healing of the fracture 




Fig 3-\ Fig 3-B 

T’*® o ^ ^ recent fiactuie, at the same level as in Cases 1 and 2 
hig 3-B A.fter healing of the fracture 


cuned thiough \ihat had foimeil3’- been the in tei space, lathei than through thesu ) ^ 
of the bodj^ itself ]\Iost of them tteie at the level of the mteispace between the 
sixth ceiMcal leitebiae The time necessary foi bonj'’ consolidation vas unifornih - 
the undeil3nng tendenc3^ tovaid ank3dosis obviously being responsible The 
cord or root ini oh ement vas in no vay related to the degiee of anatomical 
seen m the roentgenogram However, the i oentgenograms taken in the hospitfi 
necessarily represent the situation which existed at the moment of injury 

Although such a fiacture is a serious mjur3c it ma3'’ affoid an opportunit3 to 
a certain degree of correction of the flexed attitude of the head, in order to 
lange of iision Conseivative tieatment in the form of head traction in a Sa3re 
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s('\t'iil followed 1)V (liP weiiiiifJ! of i pi is(ei (oll.u, luis piovcd adequate The 

imouni ol (1 u (ion iiid iitiln ul iih (he diiedion in wliuli i( is exeited, has to bo applied 
with gie d ( UP foi ( ho iiidu idu.il p i(ion( 

C \''i 1 (111 fi K.luio on Ul i('(l w In n (lu )) ilu'iit w is stmi Iv lij ntixicab The exact mechanism of his 
fill ooiihl not 1)( istihhshnl, n lu w is intoxii ati d iiul (oiifusnl at the (imc of admission From the displace- 
imiK winch w IS pu'si'nl (Ior I-A), il would appiMi lliil he lauded on his back and that his head, following 
(he nionicntum, sn ip]i( d b ickwai d Di spiie> tlu pionouiiced in domical sepaiation with wide anterior open- 
ing of (ho fifth in((i''picL, nouiologn d s\iuptoms uiuuiicd negligible 

\f(( r dm e weeks m iSuK hillii, du iii i k was sulliciciid\ stable to peimit the application of a plastei 
collir 1 his w IS I iken off si\ \\ ( I ks 1 ill I , at whiclitiiiu tlu loi ntgenogi im levealed firm bonj"^ consolidation 
(1 ig 1-H) It iKo sliowid d„ Ik „1 in i shglith iiiou extended position than poor to the injury, a factwhich 
w IS boriK Old In the piiu id’s s( d< nu id (h it his nnge of vision had increased 

Casi 2 (Olmreed In Di Kiidi) I his m in fi nlimd his spine b\ slipping in the bath tub and hitting 
his head on the tub \s insult, tlu iippi i 
fragment w is in i slightK iiuik flexed 
attitude (Fig 2- V) th in before the injun 
Here, igiin, s^niiitonis refer dilc to the 
iienous sesteiii rem lined iiisiginfu int 
1 he roeidgeiiogrim of tlu lu deal frirtuii 
(Fig 2-B) showed the nee k ihfiintih 
more extended, with eonscqiuid iniproK- 
nient of the ringe of xisioii 

C\si 3 (OlneiK d In Dr D Blunuii- 
feld) 111 this case the iidunt, while 
nitoxicdcd, fell iiid struck the shouldu 
region against the ground, his head sn ip- 
pnig backward 1 he first loentgciiogr ini 
(Fig 3-A) showed iierhajis the slightest 
degree of displacement, xet ho hid im- 
mediate loss of jiowor in all four extremi- 
ties Am change in position of the head 
would lead to cessation of respiration, 
onh when the head was jilaccd in its 
onginal degree of flexion was icspirition 
resumed Complete rccox crj from neuro- 
logical symptoms, as well as bone union, 
occurred wathin six w ccks (Fig 3-B) The 
position of the head and the range of 
vision remained unimproved 

Case 4 This man fractured his neck Cased Healed fractuie tin ough the mtei space between the 
bj falling down a flight of stairs, the head sixth and seventh cervical vertebiae 

being pushed tow aid the chest He did 

not enter the Hospital until about one month later, so that no roentgenogram was taken immediately after 
the injurj He w as placed m a Saj re haltei w ith the icsult that an existing paraesthesia of three fingeis of the 
left hand promptlj disappeared The i oentgenographic picture after seven weeks (Fig 4) showed a healed 
fracture through the sixth interspace The patient stated that his neck w as not quite so flexed as before, and 
that he could look straight ahead with less effort 

In thiee of the foui cases, some collection of the fie\ed attitude of the head was 
obtained, with coiiespondmg impiovement of vision The healing of the fiactuie itself 
was extraoidinaiy, almost lapid In each case the neuiological symptoms cleaied up en- 
tirely 01 became insignificant 

1 Asm, 0 H Ueber einen Fall von chronischei Arthntis ankylopoetica der Wirbelsaule Fractur der 
Wirbelsaule und Quetschung der Cauda equina Mitt a d Hamburgischen Staatskrankenanstalten, 4 
57-75, 1904 

2 Stiasny, H Fiactur del Halswnrbelsaule bei Spondjlarthritis ankylopoetica (Bechterew) Zentralbl f 

Chir , 60 998-1001, 1933 
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TRIGGER THUMB IN INFANTS 


BY EDTMN-E SPRECHER, M D , SEATTLE, -VNASHINGTON 


Fe’w cases of tugger thumb are reported in the American literature As a re ult 
man}"^ ph 3 "sicians are not familiar inth the condition and it is often misdiagnosed In 193ii 
Jahss reported ten cases, in all of iihich operation was carried out He believed that tli’ 
onl}" tieatment foi this lesion is surgical In 1940, Beck reported si\ cases In his opinion 
this IS a degenerative lesion vhich can be cuied b 3 ’’ splinting Zadek, in 1942, reporld 
tv o cases, both of v hich v ere cured b 3 '^ operation He believed that the lesion is con 
gemtal Rose, m 1946, leported tvo cases in vhich the disabiht 3 ^ was bilateral Hestatd 
that the etiological factor is similar to that of de Quervam's disease, and that in thw 
cases an audible snap ma 3 '- be produced 

Tvelve cases with adequate follov-up examinations, which form the basis of thi 
report, have been selected fiom a series treated at the Orthopaedic Hospital in Lo- 
Angeles 

The usual histor 3 ’- of triggei thumb in infants is that the mother has noticed that tk 
thumb cannot be completel 3 ’^ extended It ma 3 '’ bfe extended easil 3 ^ to about 150 degree , 
further effort causes the thumb to jerk before extension is complete The thumb can be 
flexed about 30 degrees, it will then jerk before flexion can be continued freely during tbe 
lest of the excursion After these s 3 ’’mptoms have been present for several months, the 
thumb locks and can no longer be extended be 3 ’’ond 150 degrees Active and passive motion 
thioughout the lest of the arc of motion remain free Often the “locking” or inabiliti to 
extend the thumb completel 3 '' is the first recognized s 3 ’'mptom Although some vnters date 
that theie is an audible snap, v e have not observed this sign and have had no patients "bo 
included this in the histor 3 '- 

There is no histor 3 '’ of tiauma, and the child apparently has no pain In all 
patients, s3’'mptoms appeared before the age of thiee years, and in four patients, locking 
the thumb vas noticed immediatel 3 '^ after birth 


PHISICAL EXAMINATION 

Examination reveals a small, non-tender, palpable mass on the flexor surface of tb 
thumb, 01 er the neck of the metacarpal As the thumb is moved, the mass moves upan^ 
down inth the flexoi tendon The snapping is the onl 3 ’^ othei abnormal finding In three 
the cases, the condition vas bilateral, in tvo other cases, nodules were palpable mt eop' 
posite thumb, although there v ei e no s 3 '^mptoms on this side In five patients the ^ 
vere in the right thumb, m four, m the left In three patients the first symptom noted 
snapping of the thumb In the lemaining nine, the first s 3 '^mptom was that the thum 
locked in flexion 


MECHANISM OF INJURX' 

The tendon of the flexoi polhcis longus is found to have a diffuse euiaigc.. — _ 
tendon sheath a constricted aiea at the level of the metacarpal head The thum 
extended until the enlarged portion of the tendon comes in contact mth cons ^ 
portion of the sheath Fui ther extension causes a j erking, as the enlai ged area ® ^ 
shps through the constricted sheath In certain stages of the ailment, the mass can ^ 
to slip through the constricted aiea passively vhen the force required is so grea^^^^^ 
cannot be done actively When locking occurs, the nodule is always on the “‘^1 d 
the constricted area The flexor muscles are stronger than the ex-tensors 
nodule through vhen the ex-tensors are no longer able to do so Since the t;! 

tendon of the flexor polhcis longus vhich is attached to the distal phalanx, on 
joint IS involved in the process Neither flexion nor extension is disturbed a 
carpophalangeal joint , 

bone AND 
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Fig 1 

Photomicrograph of a section of tissue taken from the nodule in the tendon 


ETIOLOGI 

Since de Quervain’s original report in 1895, numeious articles have been written on 
stenosing tenos 3 ’’novitis, either at the radial stjdoid or involving the flexor tendons of the 
fingers It is agreed that the etiology in these cases is trauma Because the findings in snap- 
ping thumb in infants are the same, it is logical to conclude that the etiological factor is the 
same 

It has been suggested that, because the condition is sometimes present at biith, it is of 
hereditary origin There is nothing in the development of the embryo which renders this 
area susceptible to the development of an abnormality Sections of the tendon show evi- 
dence of trauma A great number of lymphocjdes and monocytes are present in the stroma 
of the tendon There is no evidence of bacterial invasion, and the large number of cells 
suggests a traumatic process rather than a hereditary one Anyone who has observed an in- 
fant has noticed that much of the time the fingers are closed over the thumb, keeping it in 
sharp flexion The tendon sheath has a normal thickening and constriction in this area, 
I'hich act as a pulley It is conceivable that keeping the tendon sharpl}’’ kinked over the 
pulley produces sufficient trauma to cause the lesion Since infants hold the hand in this 
position immediately following birth, it is possible that the}'' do so before birth, also, if so, a 
traumatic process may be established by the time the infant is born It might be argued 
that this apparently minor trauma would not cause such a lesion, but in manj’’ cases of 
trigger finger in adults no specific trauma can be cited The cause must be ascribed to the 
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tiauma iindei tlic heading of ‘^eai and teai ” Ceitainl}'^ this is no moie seveic llun i 
continual kinlang oa ei the piillej’’ 

PATHOLOGIC 4.L FINDINGS 

The pathological findings aie similai to those found in trigger finger in adults Tht 
pulley IS thickened and constiicted Theie is no excess fluid m the sheath, and the tendon 
slides fi eeh lu the sheath Thei e ai e no adhesions between the tendon and the sheath, and 
no endence of infection is piesent The tendon has a fusiform enlaigement which hastk 
appeaiance of noimal tendon tissue ^^Hien an incision is made into the enlaigement, th“ 
tissue cannot be chstinguished gi ossl}’^ fi om the adjacent tendon In the hteiatiue, onh one 
instance iias found iiheie a biops3’’ had been taken of the nodule A micioscopic section ol 
the nodule taken fiom Case 11 in this senes shoiis noimal tendon tissue, mfiltiated mtli 
h^mphocjdes and monocjdes The geneial appeaiance is consistent 'mth tiauniatic in 
flammation 

TREATMENT 

Some of these patients had an initial peiiod of conseivative tieatment, but thi 
pioied unsatisfactoij and suigeij’’ nas lesoited to in all cases The ages at the time of 
opei ation i anged fi om eight months to six j’^eais, the avei age age was twenty-nine month 
The oldest patient nas thiit3''-foui months at the time s3’'mptoms were fiist noted, in four 
patients the simptoms neie noted at biith The aveiage age was twelve and on^h1l^ 
months 

Tieatment toi this condition is incision of the pulle3’' Although some authois state 
that immobilization of the thumb mil givesatisfactoi3’'iesults, we cannot agiee Even in one 
case 111 vhich the s3"mptoms disappeaied, the oiiginal condition letuined soon after re 
mo\ al ot the ''phnt When one is not familiai vith the lesion, the usual pioceduieistoei 
po^e the distal joint, but this is not desirable , 

In all c ises the sheath \\ as incised In tw o cases a poi tion of the nodule nas reniou 
as adi ocated be some authois, and in the lemaining ten the nodule vas left intact ^6 
not lecommend lemoi al of the nodule, since in no case in which the sheath alone vas 'pi' 
Mas theie a letuin of s 3 '’mptoms 

Method A small tiansi eise incision is made, one-eighth of an inch distal to the pro\ 
mal flexion ciease of the thumb The incision is placed distalty, because theie is no sii^ 
cutaneous tissue in the ciease itself and the scai m ould, theiefoie, become moie a 
The incision is placed on the i olai and lateial sui faces of the thumb to avoid the sen w 
neii e to the lateial aspect, since at this level the sensoij'^ nei ve is almost diiectlj" 
flexoi suiface The sheath is split neai the base on one side If it is split in the 
tissue mil be pioduced at the point of maximum fiiction The voiind is closed bj su 
the slan onty No immobilization is necessai3’' 

RESULTS 

The longest follov-up peiiod was seven and one-half j^eais, the j.,, nit 

months The aveiage follov -up foi the t\\ elve cases m as tii enty-six months 
Mere obtained in all of the patients, and theie Meie no comphcations In no case m 
an3'^ lack of motion oi stiength, oi an3'^ s3''mptoms of discomfoit 
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\NI)in' AND THK OUTUOPAEDIA * 
in i{ HI \ 1 uin n\M m » , Durham, nori’ii Carolina 

1 want ^ou (o putuio an old in in wntnif!; a book He is eighty-thiec The place is 
Puis, wlieie he is Piofessoi of Medicine in the Royal College and foimei Dean of the 
FiciiUy of Pin sick The lime is 1711, — fifty veais befoie the Fiench Revolution and a 
cciilun befoie the diseo\eiv of elhei in.ieslhesia Oui anthoi’s face, ve can imagine, 
shons the seals of tune ind mam i biltei piofessional battle His ej'^es, howevei, aie still 
blight w itli 01 igm ihl\ is he w i ites in opening paiagiaph ind cieates a new tool of thought 
(Fig 1) “ Vs to the Title I line foimod it of two Gieek Woids, viz Oithos which 
signifies stieight, fiee fiom IDcfoimitv, uid Patdion, a Child Out of these two Words I 
have compounded th it of Oithopardio, to evjness in one Teim the Design I piopose, which 
IS to teach the difTeient Methods of ]neventing and collecting the Defoimities of Chil- 
dien”' 


L 


Exjh Quant au litre enqucflionj jc 
7u‘ntre ^’^i formrf de deux mots grecs/(^a- 
dOnkt voir, d’OrMm quivcutdirc , 

(edit exempt de dtfformite , qut efi felon la 
reSlttude, & de Paidion, qui figni- 
fie Enfant J’ai compofd de ces 
deux mots , celui aOrthopedtef 
pour exprimcren unfeul rerme, 
le deOTcinquc je me propofe, qui 
eft d’enfeigncr divers moyens de 
prdvenir & de corriger dans les 
enfans , les difformitds du corps, 
L’expreffion m’a paru d’autant 

f 'lus permifc , que les deux cd- 
dbres Auteurs que je viens de 
citer, en ont employd de fem- 
blables , le premier cn donnant 
le titrc de Pedotrophte a un Traitd 
fur la mamere de noitrnr les Enfans 
d la mammelle, & le fecond , ce- 
lui de Calltpedte a un Traitd fur 
les moyens d avoir de beaux Enfant. 

Deux litres qui font tirds tout de 
mdme , du grec , le premier de 
Pats Enfant, fic de Trophe nour- 
riture , & le fecond de KalosEssUy 
& de Patdton Enfant. 

Fig 1 


As to the Title, I have formea it of two 
Greek Words, wz ’OfSot, «hich fignifies 
nCeight, ire^om Deformity, and £ 

YlaiSin, a Child Out of thefe y„/, 
two Words I have compounded Orthopstdia 
that of Ortbipadw, to exprefs in 
one Term the Defign I propofe, which is to 
teach the different Methods of preventing and 
con-eiling the Defonnities of Uuldren The 
Expreflion feemed to me the more allowable, 
that the two celebrated Authors above cited, 
hare made ufe of Teims of the fame Kind, the 
htft m giving the Title of PeAotrephia to a 
Treatife upon the Manner of fuckling Infents , 
and the fecond that of Calbpcdm, to a Poem 
upon the Method of getting beautiful Children 
both which 7 itlcs are likewife taken from the 
Greek , the firfl from an Infant, and 
Nounfhment , and the fecond from 
beautiful, and YlxtSm a Child 


Andry’s creation of the tcim Oithopidic 


The word “oithopaedics,” like its creatoi, has had adveisaiies and has outlived thein^ 
“Orthosomatics”, “orthontiopia”, the “oithomoiphia” of Delpech and the oithopraxy 
of Heather Bigg aie now stiange even to medical eais To the teim oithopaedics has 
come giadually mcieasing acceptance, tempeied always vith a lealization that the subje 
has fai outgiown the hteial meaning of its title A centuiy aftei Andiy, ^ aleiitine Mott 

*Read at the Annual Meeting of The Ameucun Aeademj of O.thopacdic Surgeons, Chicago, Illinois, 
I January 26, 1949 
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L’ORTHOPEDIE 

o u 

L* A R T 

DE PREVENIR ET DE CORRIGER 
DANS LES ENFANS, 
LES DIFFORMITESDUCORPS. 

IE TOUT PAR DES MOYENS A LA PORTE’E 
dcs Peres & des Meres , & de routes les 
Perfonnes qur ont des Enfans a clever* 

PAR M ANDRY, CONSEILLER DU ROT, 
LeReur & Profejfeuren Mtdtctnejiu College Royal, 
DoReur-Rtgem , ^ ancten Doyen de la Fattdte de 
Medtme de Pam , &c 

Avec Figures. 

TOME PREMIER. 



A PARIS, RUE SAINT JACQUES 

La Veuve A 1. 1 x , au-delTus de la rue des 
Noyets , au Griffon. 

Lambert & Durand, dla Sagefle* 
& i Saint Landry 


M. DCC XLL 

AyEC approbations ET PJUYILEGE DU ROZ» 

Fig 


ORTHOPiEDIA: 

Or, the ART of 
CORRECTING and PREVENTING 

deformities 

CHILDREN: 

By filch M E A K s, as may cafily be pul in 
Prafticc by Parents thcmfclves, and 
all fuch as arc employed m Educating 
ChJ I DR BN 

To which IS added) 

A DEFENCE oftheORTHOPitniA, 
by way of Supplement, by the Author 


Tranflated from 

The Frend of M ANDRY, 

Profeffor of Medicine in tne Royal Co !.• 
L E c E, and Senior Dean of the Faculty of 
Ph Y 51 CK at Pom, 


IN TWO volumes 
IBullrated with CUTS 

VOL I 


LONDON 

PtUltedforA MiitAR, ax Buetanaa t Ntei, Off® 
£tc to Cottarioi firttt, in the SlreeL 

M.DCC XUlf, 


Title pages of French and English editions of the Orthopaedia 

leferred to that beautiful and exact science Iwntedly denominated Oithopoedic Siit 
geit Two centunes aftei Andry, Royal 'V^Tiitman wrote “The ancient, ambiguously 
irrep aceable teim oithopaedic’, W'hich for those w'ho accepted its restrictions u as st 
insupeiable obstacle to piogiess, is noiv generally understood as indicating only aspliPi> 
o action The meaning and the influence of oithopaedic suigery must continue togroi^ 

XU standards xemain high and that its fuither development, lil'’ 

that ot Andiy’s childien, is straight and healthy 

The original, Pans edition of the Orthopaedia ^ was published in two duodecimo V' 
umes in 1741 Its title page (Fig 2) includes a refeience to the sanction of the bmg 
ng IS e ition^ is an anouj'^mous tianslation wRich was published in London m 
e gian edition appeared in 1742, and Geiman editions in 1744 and 1762 TheEngb" 
' include, as mentioned on the title page, a tianslation of Andry’s SintodOri' 

pedie, a spirited lebuttal of ciiticisms leveled at the Orthopaedia Both Pans and Lom" 
include Andiy’s thesis on the virtues of exeicise (Fig 3), which is entit* 
lA hether model ate Exercise is not the best Pieservei of Health?” , 

Both French and English editions are illustrated by fifteen pages of copper-F^ 
engravings An example (Fig 4) contiasts propel and faulty sitting posture m read»‘ 
e frontispiece (Fig 5) is an allegorical diawung of children, mother, and orthopa 
octrine Most celebiated of the illustrations, howevei, is that of the splinted tree ( 'S 
which has gained wide lecognition as a symbol of orthopaedic endeavor ^ 

The text of the Orthopaedia, divided into foui books (Fig 7), describes the p^ ^ 
the bodj^, classifies the deformities of children, analyzes causes, and presents met 
prevention and treatment Andiy ivrites in a natural, wRolesome, vivid style ^ 
subtitles aie The Body like the Back of a Spoon” and “The Method of pr®' 
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SlU^sriO MEDIC A 

CardtnaUlits T):J\>utatiombus mane dif- 
cufa, vi Sc/jolts Medteorum, dte 4 
Marti! 1723, C?'23 Marti! 1741 Prec- 
[ide M Nicolao Andrv, DoSlorc 
Medico, LcSlo! e ac Profcjjorc Regto, 
nee non Libroi urn Cenjore 

An preccipua Vahludtms iutela Ex- 
crcttatio ? 

tN IIS omnibus qu® ad bonam intcgramquc 
■*• corporis conftitutioncm tuendam, plurimof- 
que cjufdcm languons prTca\cndos ac propul- 
'fcl 9ucrct- confciTC maximc valent, pri- 

locum vcndicat excrcita- 
nc Pel)- caloris innati 

j. furcitatrix, cxupcrantium humo- 
' rum cafligatriv, corruptorum cmcn- 

datrix, agilitatis ac promptitudinis artuurti 
parens Icgitima, nrrvi'! ac juniSuns roborandi*- 
idoncum auvlium, nee non pi-crtantiffima a- 
pcrtionis pororum ac mcatuum caufj unde 
ht ut finguli corporjs partes firmentur, m- 

Aaurentune 


A 

THESIS 

Defended before the College of 
Physicians in Pans, the fourth 
Day of Minch, 1723 and the 
twenty-third oi March, 1741 Dr 
A N D R y, Re ider, Profellbr, and 
Cenfor Royal of the fame Faculty, 
being at that time Prefident, vsz 

Whether moderate Exerctfe ss not the 
bejl Prejerver of Health ? 

I 

O F all tlie Methods proper for preferving 
Health, and for preventing, and even 
curing a great number of Difeafcs, there 
IS none equal to moderate Exercife It at the 
fame time roufes the natural Heat, dilllpates 
the fuperfluous Humours, corrcdls thofe that 
are acrid, gives Agility to the Mufclcs, 
Arengthens the Nerves and Joints, opens the 
Pores, and alTiAs the Perfpiration Hence the 

whole 


Fir 3 

Title pige of \iulr\’s thesis on the value of exercise (English edition) 


Childien from pushing out the Backside too much” The fourth book (Fig 8 ), which 
deals Mith defoimitics of the head and even disoiders of the complexion and defects of 
the voice, has been ciiticized vidcly as having nothing to do with oithopaedics Andry, 
houevei, doubtless mteipieted defoimitj'- as including disfigurement It must be re- 
membered that Andij" was not wilting primarily a scientific treatise, but a guide for the 
raising of healthy childien As Kiimsse has pointed out, the pioneer of a new^ subject is 
likely to give eithei too little 01 too much 

A more valid indictment of the Orthopaedia is that many of the tieatments w'^hich it 
advocates are extremely w'eak 01 quite valueless'* We should expect little correction of 
defoimity fiom the active exeicise occasioned by awakening the patient each morning 
with cold watei tin own m Ins face, noi can w^e second Andry’s treatment of applying to 
sprains “a well loasted salt Hen mg” 

Despite such defects, the Orthopaedta contains an astonishing stoie of pertinent 
information and deserves fully the approval w^hich it has received It collects and cor- 
relates the various defoimities of the external parts of the body It directs attention to 
the supervision demanded by the physical needs of children, demonstiates the harmful 
effects of impiopei body mechanics at lest and in motion, and specifies a preventive as 
well as a collective theiapy The basic importance of clinical observation of the patient 
IS brought out, the superiority of early treatment to late is repeatedly stressed Andry 
calls attention to the value of gentle massage and to the need for repetition and patience 
in the use of coirective manipulations The importance of simple gymnastics, of exercising 
deficient muscles, and of presciibing active exercise rather than passive movement is 
cleaily set foith Andry describes and recommends w'hat w^e now refer to as muscle-setting 
exeicises He considers psychological aspects of treatment and prescribes recreational 
theiapy In one paragraph he deprecates the use of soft beds and pillows, in another he 
recommends laising one bolder of the shoes if “the Feet incline too much to one Side’ 
In some instances overcoirection of deformity is advised Foi acute minor injuries the 
value of immediate immeision in cold W'atei is mentioned There is even a refeience to 
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ORTHOPyEDIA. 


BOOK FIRST 

A gtiieraJ Defcnption of the c\t(nt(it 
Parts of the Body 


T he human Bodj is divided into th* 
Trunk and Extremities The Trunk 
IS fupported by the Spine or Bick-Bonc, 
and comprehends tlircc Civ itics , -jiz 
I The Head, which Amtomirts call the upper 
Cavity, and is fupported bj the Neck , 2 1 he 
Tliorax or Chert, called bj Amtomirts the 
middle Cav it) , 3 The Belly, properly fo called, 
to which tlicy give the Name of the lower 
Cav It) 

The Extremries arc the Arms and Legs I 
(hall onl) defenbe thefc Barts as to their external 
Appearance Each of them is divided into a 
great many others, fomc of which hav c Names 
known by every body, while the Names of 
otliers are not fo coramoiu I rtiall mine and 

defenbe 



BOOK SECOND. 

The Means of preventing and correSitng 
the Deformities of the Body in Chil- 
dren , and frjl, a Defcnption of the 
Body 

B y the Body is underftood the Trunk of 
the Body, wdiich comprehends, i The 
Head , (but the Head, prtipei ly fo called, 
and confidered only with relpoA to its Figure^ 
independant of the Face ,) 2 The Spine , 
3 The Chert, 4 The Loins, j The lower 
Belly and the Back-fide 

Of the Spine 

The Spine is that long Cham of moveable 
Bones, placed one upon another, all along the 
Back, from the top of the Neck down to the 
Rump, and compofes that flexible Ckilumn 
upon which the Head is placed, as on an Axis, 
With refpeil to the firft Vertebrse 

When the Spine is rtrait, well fet, and 
finely turned, it makes a handfeme Body , and 
when it IS crooked and ill turned, the Body is 
deformed 

The upper part of the Chert is attached to 
the Spine above, and the Haunches below 
E 3 fo 


Fig 7 

Title pages of fiist ind second hooks of the Orthopacdia 


he leady healing of “poious and spongy” bone The modem iing of many of these 
loncepts IS immediately appaient 

Andr 3 ’-’s death one j'eai aftei the publication of the Orthopaedia bi ought to a close 
m active life, filled with peisonal and professional stiife Nicolas Andiy was bom, the 
ion of a pool merchant of L^mns, m 1658 He studied foi the cleigy, tutoied to help meet 
ixpenses, and latei became a piofessoi of theology ® His lestless natuie was unsuited, 
lowevei, foi the quiet life of the chuich, at the age of thirty-two he abandoned theology 
md undertook the stud}"- of medicine He giaduated at Reims in 1693, and was admitted 
'0 the Faculty of Medicine at Pans in 1697 He became a prolific writer of medical papeis, 
liscussing varied subjects including diseases of bone, diet, bleeding, purgation, and 
ibstinence from liquor Andry is said to have wiitten the first description of mfra-oibital 
leuralgia His book on wormsS advancing the theory that each pait of the body has its 
espective pathogenic worms, brought wide recognition, it also brought him considerable 
)pposition and the nicknames homo vei miculosus and homo verminosus Andry was sharply 
iriticized for conniving with the apothecaries to sell his propiietaiy veimifuge In addition 
'0 medical contributions, Andiy wiote innumeiable polemics and invectives His criticisms 
)f another authoi might well be applied to his own papers “An ungoverned Heat prevails 
it IS not possible for moie Passion to be discoveied m wilting”^ 

In 1712 Andiy became Professoi of Medicine at the College of France m Pans, 
Avelve yeais latei he was made Dean of the Faculty of Medicine This office he filled foi 
Avo memorable yeais in which Ins prodigious activity and turbulent spiiit weie fully 
lisplaj^ed Aheady he had had many contests with the suigeons, of whom Jean-Louis 
Petit, author of a famous tieatise on injuiies and diseases of bone, is perhaps the best 
Imowm On becoming Dean, Andiy did eveij’-thmg in Ins powei to see that the suigeons 
i'eie shorn of their piivileges and that the lights of the Faculty of Medicine were aug- 
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BOOK THIRD., 

Deformtiies of the Arms, Hands, Legs 
and Feet, 


t The Arms fee Jhort er set long, 

2 The hzas to) fisrt or SM bng 

W E fee feme Perfons who have both the 
Aims too thort, or too long, and 
fome that have one fliorter or lon- 
ger than the other We fee them alfo with 
other Deformities of thofe Farts, as Knots, 
Crookednefs, Diftortions, (^c TTie fame it 
obferved of the Hands, Legs arid Feet. 
When they are bom with thofe Defers, there 
IS no Cure to be attempted, unlefs they are oc- 
cafioned by fome Violence which the Infant 
fiiffers from the Midwife 

A FAMOUS King of Perfia * had his right 
Hand longer than the lift, and it was fo long 
that he was fumamed Longamanut Dartus and 
Alexander, as fome Hiftonans report, had their 
Arms fo long, that they reached down to their 
Knees We oft enough fee People who have 
their Armsfofhort, that they are obliged when 
they eat or drmk, to bow down their Head to 
their Hands 

As 

*" Artaxerxet the firft, called Artaxerxtt Longa- 



ORTHOPiEDIA. 


BOOK FOURTH 


The Def onus tees of the Head. 

The Means y preventing and corrcilwg tkofi 
Deformit.c' 


T he Head, to repeat here what we 
faid m the Beginning of the M Book, 
includes the Skull, the Hair, and the 
Face The Skull is the Cafe of the 
Brain, the Hair is the Corenng of this Cafe, 
and the Face is a Compofition of thofe Parts 
which compofe the whole Pore-part of the 
Head Thus we ha>J three Sorts of Defor 
mities to (peak of here Firft, thofe which af 
feift the Head, with refpedt to the Gatiium j 
fecondly, thofe with refpedl to the Hairi 
thirdly, thofe with relpeift to the Face 

VoL II. B Thi 


Fig 8 

Title pages of third and fourth books of the Orlhopaedia 

mentecl Chereau ® states that no other physician fought with such blind fury to preiw' 
the suigeons from obtaining the honorable rank to which the nature of their profe'^^iM 
entitled them Andry succeeded m obstructing the teaching of surgery by surgeons Hf 
managed to have passed a rule forbidding lithotomy unless a physician were present, and 
anothei piohibiting the publication of any medical work without the approval of ttf 
Faculty of Medicine Having disposed temporarily of the surgeons, Andry next engaged 
other members of the Faculty of Medicine in a struggle for power As his intrigues becamt 
known, his popularity dwindled, and in 1726 he lost the Deanship, despite his efforts to 
swing the election by summoning only those who he thought would vote for him 
Of Andry s personal life we have little knowledge He was married three times, an 
ad one daughter by his third Avife He remained active professionally until his death la 
1742, at the age of eighty-four years 

It IS strange that, despite a considerable volume of mfoimation on the life an 
personality of Andry , yve know almost nothing of his physical characteristics and per=o 
appearance No picture of Andry has been found at the College of Grassins, where he 
Professor of Theology, or at the Church of Saint-Roch, Avhere he Avas buried Nopict 
has been found in his numerous works at the Library of the Faculty of Medicine m W 
although it AA as the custom of the period for the author’s portrait to be used as a fron 
piece It AA as also customary for each dean of the faculty of medicine to haAm his po 
engraved on a medallion, and, according to Mauclaire, reference to such a meda ion 
been found in a publication of 1858, nevertheless, the actual medallion has , jj. 
located In 1869, Chdreau » stated that a magnificent portrait of Andry Avas at tha 
displayed in one of the rooms of the Faculty of Medicine in Pans In 1937 (.gp 

that SIX fine portraits, AiLich, judging from the large Avigs, ermine capes, and b ac ^ 
depicted men of Andry ’s time, had been located, but that their names and the n 
been lost during the Revolution and they had become knoAvn as “the Six 
Mauclaire believed that “Anonymous Nwmbe? Three” (Fig 9) represented 
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Fir 0 Fig 10 

Fig 9 Portrait at the Facult^ of Mtdicinc in Pans, possiblj representing 4.ndry 
Fig 10 Caricature of Vndrj attacking the shop of a barber-surgeon 


3onola ' tells us that, in this portrait, Frangois de Troy, one of the most famous portrait 
lainters of the period, shows us a somewhat youthful and keen face with a full serene 
brehead, untouched by wrinkles, penetrating eyes, and a subtle ironic smile On the 
.\hole it IS difficult to reconcile this picture wnth the age of Andry, which was eighty 
it the time at which the picture is dated, especially w'hen Andry’s life had been “a con- 
stant battle” There are other discrepancies, such as the absence of a Cavounan beard, 
she date of the painting — twelve j'ears after Andry lost the deanship — and the fact that 
10 mention of this portrait is made in catalogues of Frangois de Troy’s wmrks These dis- 
irepancies have led Bonola to conclude that the portrait cannot be accepted without 
reservations 

The onl}'^ known pictorial representation of Andry is a caricature (Fig 10), which 
has been found at the Bibhotheque Nationale According to Delaunay, there w^ere two 
variants of this etching Andry is represented in the act of trying to destroy the shop of a 
barber-surgeon by kicking at it and tearing down its sign He appears to be a slender man 
of moderate height, full of energy and anger 

How' are we to evaluate this colorful person^ Of Andry’s ability there is no question 
He is said to have been a man of great talents, sound knowdedge, and brilliant imagination 
He has been described also as meddlesome, quarrelsome, abusive, jealous, full of low' 
intrigues and mean passions, a grudger, and no amiable character It may be that, as 
suggested by Bonola®, our information has been prejudiced by criticism emanating from 
Andry’s w'ounded adversaries Apparent in every biography of Andry , how'ever, is the 
striking combination of professional merit and personal disrepute 

Andry’s influence upon orthopaedic surgery is perhaps less difficult to assess He has 
been called the father of orthopaedics and the author of its first textbook, how'ever, these 
designations apply only in so far as the term itself and the non-surgical orthopaedics of 
childhood are concerned As pointed out by Mercer, Andry “taught orthopaedics as a 
branch of preventive medicine, rather than as an off-shoot of surgery ’ Most apt is Putti s 
designation of Andry as the vecchio 'padnno (old godfather) of orthopaedics 

It IS important that, by his very attacks upon the surgeons of his day, Andry may 
have exerted a most constructive influence on the development of surgery and its spe- 
cialties To appreciate this, we must realize that m Andry’s time the standards of surgical 
education and practice w'ere far inferior to those of medicine In France the battle between 
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qualified suigeons and then medical confieies, on the one hand, and the uncdiioif 
baibei-suigeons, on the othei, had laged foi moie than a centui}'^ In England an act, 
sepaiate qualified suigeons fiom baibei -suigeons A\as passed by Paihament three ic. 
aftei Andij’^’s death^-, m Fiance a deciee leconcilmg physicians and suigeons nasi'vii 
bj’" the Convention in 1794 

Finall}^ to letuin from this glimpse of the past to oui pioblems of today, iihatc. 
modem oithopaedic suigeons leain fiom Andry? He would be the first to agiee that, tl 
bettei the suigeon, the less often he finds suigeijr necessaij'^ We have all become siirgeo 
and debate techniques of tieatment, how much more effective would be an increix 
knov ledge of pi even tion We knov hov to i educe a fiactuie, but not what makes it IH 
hov badl}’’ ve need a pioneeiing imagination in leseaich' The greatest lesson from •Imir. 
IS to preserve for oui beliefs and practices his spirit of sharp questioning and cnticiE 
Only thus can ve hope to sepaiate tiuth from fallac}’-, keep oui house in ordei, andco 
tiibute to the fuither giowth of oithopaedic surgery 
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llW’Olirs oi' iHl' VISIT TO GREAT BRITAIN OF 
ORTIIOPAl DIG SURGl'ONS FROM THE UNITED STATES AND CANADA 


On Miidi 17 oui niou]) of liflci'ii •' iiltd fioni New ^ oik on tlic Queen Muy Thei e w ere ten Americans 
L Bini'-ie StiiuhofNiw ork, 1 Hamilton \llnn of Plnladclphm, Caiioll B Lai son of Boston, Hugh Smith 
of Miinplns, Bonj innn 1> Ohhtr of BufTalo, lolin I I'lihey of Chicago, S Benjamin Fowler of Nashville, 
Willi un H Bickel of Bocluslei, Minnesota, ^ cine T Inin in of San Fiancisco, and Donald W Blanche of Los 
Viigelcs There Wire iKo fn e C in idiaiis hi ink Pit tei son of Vincouvei, William B MacKinnon of Winni- 
Iieg, 1' P Dew ir of 'loionto, Bogii Gaiiein, uid Iio Walkei of Montical The crossing was made with 
ckirwcatlui mil on icilmsei 

Vdiin the ship iloikid it Southampton, we i\pi(ted somione to meet us, but were astonished to be 
greeted be i grouji of fm mi inbei's of '1 lu Biitish Oitho))iudic \ssocintion, who came aboard, had dinner 
with us, and then thiough i iiieiii iiiged ])1 in, got us ofi the shiii and through customs m the least possible 
tune We were thin escoitid In ti im to I oiidon mil to the C’uinbeiland Hotel 

The next eiening rejiresi ntatu is of The Biilish Orthopiedic Association gave a welcoming banquet 
This initial receiition proied to bi tipicil of the pi inning and hospitality that was m store for us on the 
entire tnp 

We stand in I onilon tin fust wei k visiting se\en hospitals \t each hospital visited, a full and very 
interesting iirogrim hid bun ))linnid, with subjects ])iesented bj vai lous members of the orthopaedic staff, 
often with the coopii ition of the dipiitinents of medicine, geneial suigeij, \-ray, and pathology The sur- 
geon presenting a subject h id it well jiieiiaied and, in nianj instances, illustrated his points with ingenious 
models or diigrams then showed pit lent s These wcic usualh out-patients many no longei under active 
treatment, who willingh ciine to the clinic at the lequcst of then suigeon We were impiessed throughout 
the trip b\ the faith of the jiitients ind gi at itudc shown foi then surgeons 

Most of the hospitals ire centuries old, with a iich histoiical backgiound and with names familiar to us 
from the literature It was most inspning to walk in these halls through which so many great men have 
passed and in the librincs ind museums to see the handwiitten imnusciipts and the pathological specimens 


prepared bj them 

The old cit j of Ixmdon w is a crj sc\ erclj damaged bj bombing, and a great deal of this has not yet been 
cleared aw ai In the rest of I ondon, the bomb damage is much less evident, but there are many vacant lots 
where buildings once stood, and many buildings which appeal relatively normal from the outside are com- 
pletelj gutted within Several of the hospitals had suffeicd fiom bombing Theie is so much repair w'oik to 
be done that there is rclativelj little new consfiuction being carried on 

The remainder of the trip was made in a chartered bus in which we traveled the length and brea t o 
England, and into Scotland, a total of 2400 miles, visiting thiity-thiee hospitals and si\ rehabilitation centeis 
In the countrj districts, man} of the hospitals arc of simple one-story construction of large wards, one side 
being entirely open, or closed onl) bv folding (loois oi cm tains In many, the beds are mounted on large 
wheels to facilitate moving into the open The patients in these wards appealed particularly healthy and 
cheerful Manj of the hospitals have their own brace shops The operating rooms are almost unifor^y of 
ample size, and constructed for efficiency of use and of cleaning Theie is a general shortage of lospita e s, 
and also a shortage of nurses, so that theie is considerable delay m admission of elective cases to the ospi- 
tals We were impressed by the ability of the orthopaedic nurses, who, after the completion of their regular 
training penod, are given additional training in the caie of the orthopaedic patient and are t ere ore inva u 
able, not onlj m the treatment of hospital patients, but also in working in distant diagnostic and follow'-up 


clinics, and m making contacts with patients in their homes 

In general, the types of orthopaedic cases seen m the A\ards of the British hospita s vvere simi ar o our 
own, except that there ^\as a much higher incidence of bone and joint tuberculosis t is impossi e o ma 
s^\eeping statements concerning the surgical care and to compare it with our own, because, as in inerica, 
opinions and methods vary from hospital to hospital, or even from service to service wathm one hospital t 
seemed to us that m general the treatment was similar to corresponding hospitals in our country, without a 
great deal of variance between the average British and average American center In fact it was when le 
various members of our group discussed a surgical problem that the widest divereity o opinion was 
pressed There is a tendency to segregate cases in special centers, where, through study and experience, 

knowledge and skill can be obtained m treatment of this particular problem , , j 

In a number of hospitals, hand injuries were segregated and this problem was p ace un er e ® 
vision of one surgeon The methods of tendon surgery were not essentially different from those co^o j 
practised in this country, or in other paits of Britain, but it was m these special centers that the best results 


'ere seen, attributable to greater skill and experience u i Ai 

Under the impetus of the recent War, centers w'ere set up for treatment of peripheral-nerve mjuric 
he onset, there were few surgeons m Britain trained or especially interested m this group of patients, and 
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their care gravitated to the orthopaedic surgeon Through the development of special centers, a great d >' 
has been learned and peripheral-nerve injuries have become generally recognized as mthin the scope of tb 
orthopaedic surgeon Uniform standards for grading end-results have been agreed upon, so a more aecura'< 
follow-up can be earned out and results appraised 

Patients requiring amputations are sent to centers w hich are set up to provide complete care for surgm 
fitting of prostheses, and training m their use, with close cooperation between surgeon, limb fitter, and re- 
habilitation counsellor After a patient has been fitted, he is trained m the use of the appliance, be it ft 
upper or low er extreimty 

Throughout Britain, much interest is being shown in the problem of the arthritic hip, withargunitr 
betw een the proponents of arthrodesis and arthroplasty During our tour, approximately ten different tip 
of hip arthrodesis w ere presented, some intra-articular, some extra-articular, some combined, and mth cc 
siderable enthusiasm for metallic internal fixation In the same hospitals, Vitalhum-mold artliroplastics wi 
being done frequently, and we were showm some excellent results, although, m most instances, the paticn' 
w ere still m their recent postoperative period For the hip w ith mtra-articular infection, such as tubcrculo i 
the ischiofemoral arthrodesis was found to be popular In most instances, this was performed through a 'im 
pie lateral approach, although there seemed to be a growing tendency to operate through a postenor incuio 
under direct vision 


In treatment of bone and joint tuberculosis, conservatism is the watchword It is believed that tukr 
culosis IS a generalized disease and the local lesion is only one phase, therefore, the patient needs long 'am 
tarium care at bed rest, no matter how the local lesion is treated Spine lesions are treated m recumbencr 
on a Jones frame or a plaster bed until the lesion is quiescent (at least eighteen months in adults, and longit 
m children) The patient is then fitted wnth a brace and is allow ed up It is believed that the spine mil fiti 
spontaneously m most cases, and surgical fusion is necessary only m a small percentage In former jear 
earlier fusion operations were done, but studies showed that the period of treatment w'as not shortened, and 
there were more complications Patients wuth paraplegia have in the past been treated conservative!), an! 
still are, m some hospitals, although in most centers visited, surgical anterolateral decompression of thespmil 
cord through a costo-transversectomy approach is now advised, if the patient does not make rapid respow 
under conservative treatment Patients wnth tuberculosis of the hip are geneially treated with a long 
of rest on a Jones frame or similar apparatus, then, after fibious ankylosis has been secured, an extra articulaf 
fusion may be done The supply of streptomycin is so limited that its use is confined to the desperate carf, 
such as tuberculous memngitis 

Inequality of limb length in children is a rather frequent complication of tubei culosis and osteoin)clilL 
Till'- problem is solved in most instances by limb-lengthenmg procedures, and w e saw some excellent resu 
Shortening of the opposite extremity is rarely done, and w e saw no instances of surgical epiphyscodc'L 
In fracture tieatment in general, considerable emphasis is being placed on early function and niininiuni 
immobilization Spine fractures are common m the coal-mmmg districts In some mines, the seanis an 
narrow and the ceilings so low that the miners w'ork m a flexed position, thus they are particularly vulnera ^ 
to spine injuries m cave-ins Most surgeons adheie to the principle of reduction of simple compression 
tures by hyperextension followed by plaster-cast immobilization However, there is a stiong 
centers that the simple compression fracture need not be reduced oi immobilized, deformity of a ver c 
body not being considered to be the cause of future disability They also believe that the hyperex e ^ 
position IS the cause of subsequent lumbosacral back pain, and immobilization the cause of joint sti nc^^ 
Fractures of the femoial shaft are almost uniformly treated m traction on a Thomas sphn , 
satisfactory position cannot be obtained, or some other fracture is present, demanding open 
m suitable cases, the Kuntscher nail is being used Fractures of the neck of the femur are univer&a ) 
by internal fixation, almost always with the three-flanged nail In the majority of the hospitals 
ternal fixation of intertrochanteric fractures by means of a blade-plate is recommended when prac 
although, m some hospitals, traction is considered to be the treatment of choice 

There was considerable interest manifested in fractures of the os calcis, and in several 
reductions were being tried, and the results compared wuth those treated conservatively wnth no re 
immobilization, but with early active exercise While the numbers of cases were small, the 
tamed was that the appearance of the foot was better after surgery, but function was not improv 
functional results being obtained by either method 

Patients with tentative diagnoses of rupture of a lumbar intervertebral disc are in most ms 
a trial at conservative treatment of rest and immobilization Those who do not respond 
the orthopaedic surgeon for removal of the disc, but m most instances a fusion is not done Con ra 
raphy is not uniformly carried out as an adjunct to diagnosis attend^'’ ^ 

One other subject should be mentioned, — rehabilitation, which has received much jlicrf t 

England than m America In general, rehabilitation centers can be grouped into three types 
the tjqie where the injured man is put back to productive w ork at the earliest possible time, aJ 

dressing or cast There is a separate building on the factory grounds where regular production 
be adapted to the capability of the patient, and, as convalescence progresses, the hand patient 
of the machine may be altered so as to give appropriate exercise to the injured part Almos 
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IS imbuhton is pul loMunot^pi of Moik Ro(o\om is mou lapid periods of loss of u ork are greatly dim- 
inisliid indllu inoi lie of llte woiki i is euliaiued 1)> this pioci duie This plan exemplifies a new social out- 
look Miiiugemtnl and 1 ihoi work logelhei closely, th. individual assumc^s chief impoitance, and his work 
and place in somu is not ehnnged In his illntss oi iiijui\ 

Ihesc coiid lie of ri'hahilil it ion c i iilc i is foi those p ilic nts who have been so seveiely injured that they 
will be iiiiabk to n turn to their forinei t^ jit of woik, oi for those congenitally handicapped persons who have 
iH\erlKHn ible to work or siippoi I tluinsehes Here the individual is taught a trade by a skilled craftsman, 
whose goil IS to trim the cripple in both skill and speed so that he can compete successfully with the normal 
workmin The subtle truniiig in mini il and pi'i-soiml plnsical leadjustment necessary to daily living is 
learned dong with the \orational Iramiiig, and it is for this phase principally that the resident school is 
preferable to the d n srhool Foi those indivieluals who aic so severely crippled that they cannot compete on 
the open labor innrke I, permanent risielence nnei sheltered employment is provided, but here again the em- 
phasis IS on real iiroduclion and self support, rathei than on the custodial care so often doled out in this 
count r\ 

The third t\ pe of reh iliilitation ceiitei is set up principally to aid m recovery of such persons as miners 
who haae had spme fractures or other injuries necessitating long periods of disability, and who need physical 
reconditioning before returning to work In these, the emphasis is on gymnasium work, games, and outdoor 
pln'sical labor 

The Spring Meeting of The British Orthopaedic Association came at the end of our first month m Britain. 
By this time we had become acquainted with many of the surgeons One half day was spent at one of the 
large suburban hospitals where o\er a hundred out patients and many m patients were assembled for ex- 
amination There was a concise history ind scries of x-rays with each patient, so that the individual surgeon 
could examine and study them at w ill \t the scientific meetings, one was impressed by the very able presen- 
tations, almost all t ilks being gu en w itliout any reference to notes Four of our group w ere invited to present 
papers 

At the aanous ccntciN visited, the local surgeons met us for a social evemng, often m their ow n homes 
Eecryonc was most hospitable and sp ired no effort to entertain us and make us feel welcome It was at these 
informal gatherings that we learned much of the ordinary customs and opinions of the British people, and 
could discuss xarious medical problems \t every center we were honored by a banquet, attended by all of 
the local orthopaedic surgeons, and mane of the hospital consultants representing other specialties Many 
of the districts Msitcd were interesting historically', and after the day’s hospital rounds had been finished, we 
ensited castles, cathedrals, count ly churchyards, beautiful gardens, and historical monuments 

In Scotland we each obtained a tartan waistcoat of our own, or fancied, clan, and adopted them as the 
badge of our group, to bo worn at future reunions 

All of the traveling orthopaedic surgeons from the Umted States and Canada were most grateful for the 
opportunity of visiting Great Britain It is the hope of both our group and the British group wfho last year 
came to America, that reciprocal visits mav continue m the future We learned a great deal about the scien- 
tific aspect of orthopaedic surgery We learned much of the historical background and culture of the British 
people, without which it is impossible to understand their philosophic and political outlook We became ac- 
quainted wath many' British surgeons, w Inch w as perhaps most important of all, for it is through such friend- 
ships and understanding that medicine on both sides of the Atlantic will prosper 

Donald W Blanche, M D , 
Los Angeles, California 


Being most enthusiastic about oui visit to Great Britain, I w ish to plead for other contemporary' ortho- 
paedic surgeons on both shores of the “ktlantic, who have not yet had an opportunity equal to ours, that 
traveling group fellowships be continued as part of the educational program of our senior orthopaedic socie- 
ties I know that I speak w ith the w holehearted approval of all those w ho have shared in this exchange 

It IS significant that the average age of the Fellows is approximately' forty years These men have 
completed their formal training, aie firmly fixed on the paths of orthopaedic surgery, and wall succeed to 
positions of increased responsibility and leadership in their own centers That participation in such an 
exchange adds greatly to their knowledge and resources is undisputed, and it follows that their value to their 
centers w ill be augmented by this experience 

The dissemination of knowledge is difficult within our own borders and international transmission is 
doubly so The Journal of Bone and Joint Surgery, this excellent intermediary, has done much to remedy the 
situation, but written words are no substitute for experience The untraveled reader is always confronted 
with the impossibility of fitting the papei to its locale and to the personality of its author The unknowung 
cannot advise wisely regarding overseas educational opportunity, nor do friendships spring easily from scien- 
tific treatises 

Strong mutual ties flourished during World War I wath the advent of North ^encan surgeons to hos- 
pitals in Britain Friendships resulted, many of which are still vigorous, and unti the present these hav e been 
the mainsprings of our common interests The widespread battle fields of World War II, scattering the spe- 
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cialists, opposed the contmuitj of this tradition and many orthopaedic surgeons non destined to tcidi £r ' 
themselves limited in knoi^ ledge of their contemporaries overseas I 

Occasional visits of distinguished people, whose activities are necessanl3' limited to a verj liighkni. I 
and sporadic interchange of jumor men in traimng will not develop the desired degree of international unJ r | 
standing Groups, traveling under the guardianship of the Orthopaedic Associations, present this potcntu' | 
for it should be possible to enlist one man from each center of orthopaedic surgery Organized toure to It | 
centers famous for their w ork hav^e other advantages, they enable the host to recall many out patients, ir| i i 
woilld othennse not be seen, for the purpose of demonstrating long-term end-results Discussion too, is i 
hanced, for the traveling group can usually supply one individual better versed than the remainder in l! 
subject under debate, and this participation fosters respect and friendship among the group itself 

Such a program is not feasible vvnthout the continued and enthusiastic support of all the senior ortt 
paedic surgeons in our three countries, who may take pride in then leadership With few exceptions, mtni 
our age group could not afford a like journey in spite of the obvious advantages The first reciprocal evdiaii 
has been accomplished bj' the personal generosity of members of our Orthopaedic Associations, asshtol t 
grants from the Nuffield Foundations, and we are most grateful It is hoped that other Foundations inln 
ested m postgraduate education wall be stimulated by the success of this fiist venture to make possible furlK 
trawling gioup fellowships 

P P Dewar, M D , 

Toronto, Ontario, Cam! 


ELLIS WILLIAM JONES 
1884-1948 

Ortliopaedic surgerj in the Southwest is relatively a new specialty In 1913, there were not moreto 
tw 0 orthoiiai die suigeons in Los Angeles, and none in the outlying commumties EUis Jones came into I 
field after a thorough training in Eastern Centers and in Europe A man of unhmited energy andenttoi 
asm, hf threw lumself into lus chosen w ork An Orthopaedic Clinic w as dev'eloped at the Children’s Hospil 
and Qth< lu Santa Barbaia and Long Beach Not onl3' was care fuimshed to the needy, but intereda 
orthopaedic surgeiw was stimulated in 3mung men b3’^ his teaching 

Elhs lUiam Jones w as born m Wales, and shortl3’^ thereafter came to Virgima with his parents r 
ceived his education in Boston, giaduating from Harvard Umversit3 in 1906, and Harvard MediciJ c 
in 1910 After intemslups at IMassachusetts General and Peter Bent Brigham Hospitals, and a Resi 
Surger3'^ at Waterburv Hospital in Connecticut, he became an assistant to the late Fled H Albee m ^ 
York After completmg his traimng with Dr AJbee, Dr Jones spent six months wath Sir Robert one- 
Liverpool, who mvated him to remain as an associate m practice 

Dr Jones made nian3’- valuable contributions to medical literature, among them T/ie Operative 
of Irreducible Paralytic Dislocation of the Hip Joint, Synovectomy of the Knee Joint in Chronic 
alive Treatment of Chronic Dislocation of the Peroneal Tendons, and Trochanteric Transplantation^ m 
meni of Fractures of the Neck of the Femur 

In 1937, Dr Jones was a guest of the British Medical Association at Belfast, and presente 
Fracture of the Neck of the Femur 

He had a great interest in surgery of the knees and hips, and his w ork m this field w as quite 
Dr Jones was a member of man5’' Cahforma Medical Associations, the American College o 
The Amencan Orthopaedic Association, The American Academy of Orthopaedic Surgeons, 
tional Orthopaedic Societ3 , American Medical Association, and the Cancer Research 4ssociation 
these orgamzations, he contnbuted geneiousty of his time and abiht3" ^ tr 

Dr Jones was mamed Februai-3 28, 1914, to Elizabeth Bradle3’-, who survives him, toget e 
sons, Dr Elhs Jones, Jr , of Pasadena, and Harvey Bradley Jones of Los Angeles, California 

Dr Jones w as a surgeon of unusual ability, a man of pleasing personabty He attracted or 

fnends in all walks of life His sincerity of purpose and interest m humamty provided many , ' 

pie with the will to recover As be stndes on dow n the corndoi of time, his shadow mil ever 
his contnbutions to suffering humamty become more mamfest 

AXD JOINT 
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R NLLSON IIAIT 
1889-1949 

Di RifoNtKoiilIall, i^od fiflj-iiiiiL.dudofcoioiun lhi<)inl)osisiiihishome,2G20 Anuenue Sticot.Hono- 
iilu, T. n , 1 1 1(1 n luoniiiiji, i\ 2/, 1910 Ahh^j^(iiid loMibU , Ntiboii Ilatl will be mouincd by many and, 
lot (lie lo , b\ ( lu ^ ounn num md w onu n w ho, is i hildu n, hi ni filed hy Ins skillful and kindly mmistiations’ 
Boin 111 Wist I’liis, M mu , on Novi iiihi ill, ISSO, lu imivid his eaily education there, piepared for 
olloge ilRiidgilon \tidiiin in TI in ison, M um , nml was giadu Ued fiom Colby College in 1914 Following 
iisgi uhntionfioin luftsMidii ilSihool in lOlS, hi sim,l his oithopaedic mteinship at the Massachusetts 
Iciunl llospit il in Rosloii Coiitiiiumg at tin smu hospu d hi held the posts of Assistant m Orthopaedics 
uid Vssist lilt SuigiontoOut Pitiiiits, at thi sum tinii can j mg on an oithopaedic pi actice in Boston 
During his m iis it tin M issiehusetts Gtiui d Hospit il, he made such lapid stiides m oithopaedic 
urgen tint flu mm uiidir whom he studii d, Di Rohiit B Osgood, stionglj iccommended his appomt- 
iient ns Surgcon-m-( hirgo of the Mobile I iiit of i hhiiiiiis’ Hospital foi Crippled Childien, then about to 
)C established m Iloiiolulu Bi foie icciiitmg thi jiiist Di Hitt visited the fimous Scottish Rite Hospital 
or Crippled Chddrin in Vtlmt i, Gioigi i, tin modil upon which the Shimera’ Hospitals weie patterned, 
\hcre he w is fuithii inspiied In tin gii it wink of Di Mich lol Hoke He accepted the Honolulu post and 
issumcd cliirge thin in December 1022 Hi oiginirid tin Honolulu Unit at Queen’s Hospital under great 
hfficulties His ichieienunts m this hilil weii so inaikid lint shoitly before the completion of the New 
England Unit of the Shimeis’ Hosjut ds it Springfield Massaehusi Its, he was lecommencfed by the Shrmei-s’ 
Nation il Uhison Bo ird of Orthopiedic Suigeons as tin man best suited to tike charge of the Spimgfield 
Jnit He reluct mth left Honolulu m Nenembei 1924, aftei almost two years m the Hawaiian Islands, and, 
m December 24 of tin smie m ir, took charge of tin luarh completid Springfield Shrmers’ Hospital 
In Vugust 1042, Nelson H itt eiiteied the Viim Midicil Coips m Woild War H He w^ent overseas im- 
nediatclj following the ini isioii of Sicih in 1041 and was a fiont-hne surgeon during the stienuous days of 
he first lindmgs on the southern front of luiroiie Due to a knee injury leceived in line of duty, he was re- 
urned to the U'liited States in M ij 1944, he was issigncd to the Thomas England Geneial Hospital m At- 
antic Citj IS Chief of the Oitho])icdic Senice Liter he was st itioned at the Cushing General Hospital m 
^ramingham, Massichusetts, is Chief of Oithopiedic Suigcij' 

He had had a \erj diflicult time making the decision to leave his work with the crippled children to 
one with the Vrmj and his assurince that he had made the right decision came in a lettei sent to a friend 
n Springfield, WTitteii while he was with the tioops in Sicily 

“I am getting a kick out of this service and I have long since ceased to wrestle with my con- 
science forhaaing deserted one of the most impoitant jobsoneaith, a crippled child,” he wrote “Here I 
haie an opportuiiitj to send the Jones’s kid oi the Brown’s only boy back alive oi to save an arm or 
leg for Junior Smith It may sound a bit strange, but the same seivice to Karl Heinrich or Guiseppe 
Biorni has been gratifj mg too ” 

After leaving the Army Medical Corps m 194G with the lank of Lieutenant Colonel, Dr Hatt returned 
0 the post of Chief Surgeon of the Shrmers’ Hospital in Honolulu, w Inch he had left w hen he accepted the 
losition m Springfield in 1924 He continued to serve m this capacity until his death 

He was honored bj his colleagues in the medical profession in Spimgfield with his election to the Presi- 
lencj of the Springfield Academy of Medicine in 1939 The following yeai he was appointed by Governor 
-.everett Saltonstall to a fivc-j ear term as member of the Massachusetts Public Health Council He w as the 
ecipient of the Pjnehon medal, awarded annuallj in Springfield for outstanding service to the community 
Ji 1938, at its commencement program, his Alma Mater, Colby College, presented him with an honorary 
legree of Master of Arts He was a 32nd degiee Mason, and was a member of the American Medical Asso- 
lation. The American Orthopaedic Association, The American Academy of Orthopaedic Surgeons, the 
orum Orthopaedic Club, the American College of Suigeons, anxLLhe New Englan d Surgical Societyr 

Among Ins contributions to literature are TheCentrt I T^t^cGx oji m J oiut Axlfvn yd^&iSj Soj ^ Orthopae dic 
Cleanings from a Neurosurgical Center etc Two papers, A Twenly-five~Tear~FoUow-up of Tuberculosis of Vie 
ipine and Observations on Uluscle Transplantation in the LowerNUxircnnty, wcie in preparation at the time of 
ns last illness _ 

He IS survived by his wafe. Dr Ednah Swasey Hatt, a son. Dr WiUiam Hatt, an intern m the Queen s 
hospital, Honolulu, and two daughters, Mrs Mary E Box of Salem, Massachusetts, and Constance Hatt, a 
tudent at the Punahau School in Honolulu 

The memory of Nelson Hatt wall remain indelibly insciibed in the minds of those who knew him or who 
lave had the privilege of coming in contact wath him His fine fellowship was a boon to many an old and 
nanj a new friend His service to every community in which he lived wa^no^only gladlj and gracioush 
;iven, but w as of lasting value He led a full life, a genial one, and gave all he had each daj To quote Dryden 
IS a fitting epitaph — 

“Happy the man, and happy he alonev 
He who can call today his owoi. 

He who, secuie wathin, can saj', 

Toinoirow , do thy worst, for I have lived todaj 
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News Notes 


The Seventeenth Annual Meeting of The American Academy of Orthopaedic Surgeons ml 
held m Nev York City, February 11-16, 1950 Headquarters \nll be at the Waldorf-Astoria 


Dr Robert I Harns, of the University of Toronto, has been av arded Honorary Felloii ship m (he Ri 
College of Surgeons of England The Council made him Huntenan Professor, his Huntenan Lecturf, 
Iivered on April 29, was on the subject “Spondylolisthesis” 


In the list of new Fellows elected to The American Academy of Orthopaedic Surgeons, pubk 
m the April issue of The Journal, the name of Dr Carmelo C Vitale of Brooklyn, New York, was it 
vertently omitted 


The Washington Orthopaedic Club, at its meeting on Maj"^ 23, 1949, elected the following ofiii 
for the coming year President, Dr Milton C Cobey, Vice-President, Dr Thomas Foley, Secretarj Tn 
urei, Dr Everett J Gordon 


Word has been received of the election of the follovnng officers for the year 1949-1950 of the Sodtifd 
Nacional de Cirugia (Cuba) President, Dr Jos6 Lastra Camps, Vice-President, Dr Manuel Costal' 
Latatu, Secretary, Dr Ren6 South, Vice-Secretary, Dr Luis Rodriguez Baz, Treasurer, Dr Inlot 
Rodrfguez Dfaz, Vice-Treasurer, Dr Tomds Armstrong 


Announcement is made of the organization of the Association of Bone and Joint Surgeons Tl 
organizational meeting was held m Oklahoma City, Oklahoma, April 1 and 2 Dr Earl D McBride of Olb 
ho na Citj was chosen President for the first year, and Di Fritz Teal of Lincoln, Nebraska, Secretan 
txpi cted tliat the meetings wall be held annually, and that the organization will be national in scope Ccrti 
cation In The American Board of Orthopaedic Surgery is one of the lequirements for membership 


Tht N itional Council of the Kappa Delta Sorority has inaugurated a prize of one thousand o 
to be given innually by The American Academy of Orthopaedic Surgeons, for the best rescarc ^ 
orthopaedic surgery, performed during the year bj'’ an individual m the Umted States The 
the 3 'ear 1949, wall be announced at the Seventeenth Annual Meetmg of the Academy m New lor 
arj”^ 11, 1950 Those wishing to compete for this prize maj' secure further information from the 
the Award Committee for 1949, Di Waltei Stuck, 1426 Ni\ Piofessional Building, San Antonio, Tews 


The American Board of Orthopaedic Surgery, Inc , has announced new officers for the jca 
as follows 


President, Dr Allen F Voshell, Baltimoie, Maijdand, 
Vice-President, Dr Ralph K Ghormley, Rochester, Minnesota, 
Secretarj -Treasurer, Dr Harold A Sofield, Chicago, Illinois 
The other members of the Board are 


Dr J Spencer Speed, representing the Amei lean Medical Association, 

Dr Joseph A Freiberg ) c 

Dr Guy A Caldw ell > representing The American Academy of Ort hopae ic 

Dr Francis M McKeever ) 

Dr 
Dr 


H Earle^m^eh [ ''‘^presenting The Ameiican Orthopaedic Association 

Some changes in regulations have also been announced Full information may be obtainc 
to the Secretarj', Dr Harold A Sofield, 6 North Michigan Avenue, Chicago, Illinois 
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The Se\eiUli liitermliomi CoiiUrcss on Rheum Uic Diseases was held at the Waldoi f- Astoria 
Hold m N(W ’l oik ( it\ Mn iO to Iiiiu' ,! Di I’hihp S Ih ndi of the Mayo Clinic was Chairman of the 
3 iiunl Cominilld on \iniiKeiiu ills ])i 1 011111; 1 Swann seivtd foi Di Ralph Pemberton, who 
Msiiiiibli loin pii s( 111 In e uisi ofilhiiss l)i ]\ min ilon w is Pusideiit of the Lii/uc /nIernahonaZe confra 
Ic lihnimahvtw is wdl is of Ihi Pm Viiuiii in 1 1 ikik foi llu Study and Contiol of Rheumatic Disease 
rhese two orn uni'll ions loopii itid with llu Vmiiiian Rheiimalisin Association, of which Di Richaid H 
"ro^herg w is Piisuhnl in jil ins foi (hi Congiiss 

'll!! Ph 11 m Si ssions wi 1 e held it tin W ildotf- \stoii i Hoti 1 , llu Chnital Sessions w ere held at Bellevue 
iospil il. Ml Slim lIos])it il N(w ■\oik Hospital, Polydiiiu Hospital, Goldwatci Memorial Hospital, 
^reshi ten in Hospil il Hospil d foi Spinal Suigii\ Hospital foi Tomt Diseases, St Luke’s Hospital, In- 
titule of Rdi ibilil ition mil Plnsieil Midinm and I iiieusilj Hospital, New York University A pio- 
'rmi of unusu il inli 11 s| w is jm s( nti d 

Mioiit oiu liundri d fou igii giii sts m le iiiisent \ two-wii k ilmei 11 j of vaiious ai thiitis clinics of the 
ouiitrx followmglhi Congii ss, w is ]il mni d foi lliisi guists 


Tin Execulue Bo ird of the American Public Health Association announces that the Seventy- 
cicnlh \nnuil Milling of llu \ss(u 1 ilion, and millings of iilated oiganizations, will take place m New 
lork N \ Oclolnr21-2S llu Hold St illei mil Hotel Niw ^oikci will be joint headquarters 


Vccorilmg to m mnoimciment lecinth miilebj Di L R Weidlem, Diiectoi of the Mellon Institute, 
hit orgmizition will ngim join with the Lnivei'silj of Pittsburgh’s School of Medicine m holding a sym- 
oosiuni on ortlioj) ledic ipiilnncts it the Inslitulc dining the week of September 19 1949 The First Sym- 
Dosium, which w is successful m e\er\ lesjiect. Ins been cited ns “a djnamic example of cooperation 
imong scientists, phxsici ms, eiigmcci's, and technienns” 

The Second Sxmposium, d«o simnsorcd bj the Sarah Mellon Scaifc Foundation thiough its multiple 
Fellowship on Orthopaedic Aiiplnnces m the Institute, will be open to invited oithopaedic physicians and 
urgoons, as well ns to selected orthopaedic technologists, skilled m brace design, fitting, and construction 
The lecturers wall include a number of iialionalh recognized authoiities m orthopaedics, as well as scientists 
if Mellon Institute Thci will give detailed attention to the problems of biaces m cerebral palsy, paraplegia, 
md hemiplegia, resulting from poliomjclitis and other disabling diseases, to scoliosis and related spinal 
conditions, and to other speci ilized orthopaedic problems 

Inquiries concerning attend mce and program details should be addressed to the Orthopaedic Appli- 
ance Fellowship, Mellon Institute 4400 Fifth Avenue, Pittsburgh 13, Pcnnsjlvania 


The National Foundation for Infantile Paralysis, Inc , announces short courses, for physicians, 
n the diagnosis and treatment of poliomj elitic patients These shoi t courses are 


Training Center 

Hhildren’s Hospital, 
Boston, Massachusetts 

Uitj' Hospital, 

Cleveland, Oluo 

B T Watson School 
of Phj'sical Therapy, 
Leetsdale, Pennsj'lvama 


jeorgia Warm Springs 
Foundation, 

Warm Springs, Georgia 

University of Colorado 
Medical Centei, 
Denver, Colorado 


Scheduled Courses 
August 15-19 


For Detailed Information and 
Enrollment, write to 

WilhamT Green, M D 


July 18-23, 

August 8-13, 

August 29-Scptembcr 3 

1-3 w eeks, depending on need of each in- 
dividual Dates to be specially arranged 
Emphasis on when to prescribe the 
respiratoi and w hen the rocking bed, 
w ith variations to meet the needs of 
each patient 

3-6 months, staiting 
October 3 


Jolm A Toomey, M D 
Dept of ContagiousDiseases 


Jessie Wright, M D , 
Medical Director 


Robert L Bennett, M D , 
Director of Phj sical 
Medicine 


Novembei 14-19 


Winona C Campbell, M D , 
Director of Pohomj ehtis 
Teaching Program 


I 
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NEWS NOTES 


THE AMERICAN ORTHOPAEDIC ASSOCIATION 

The Sivtj -second Annual Meeting of The American Oithopaedic Association, undei the pre^idcncvi 
Dr Ralph K Ghormlej , n as held at the Broadmoor, Colorado Springs, Colorado, Maj' IS througli 21, Pi 
Through the courtesj of the Rocky Mountain Orthopaedic Club, u ith Dr Robert G Packnrd and h 
Atha Thomas as chairmen, the members of the Association attended a Clinical Day in Denver on Ah\ 1 
The scientific program as presented bj’^ the Program Committee follows 

Wednesdati, May 18 

Morning Session 

Osteochondromata Arising from Articular Cartilage 

James Veinon Luck, M D , Los Angeles, California (by invitation) 

Discussion Allan F Voshell, M D , Baltimore, Maryland, 

Hugh T Jones, M D , Los Angeles, California, 

J Albert Key, M D , St Louis, Missoun 

Correction of Defornutj and Prevention of Aseptic Necrosis in Late Cases of Slipped Femoral Epiphc 
Eduard L Compel e, M D , Chicago, Illinois, 

Clinton L Compel e, M D (by invitation) 

Discussion C Leslie Mitchell, M D , Detioit, Michigan, 

Beckett Houoith, M D , Neu York, N Y , 

Paul B Magnuson, M D , Chicago, Illinois, 

Harold B Boyd, M D , Memphis, Tennessee, 

Edu ard L Compere, M D , Chicago, Illinois 

Congenital Dislocation of the Hip unth Particular Reference to Its Pathogenesis — Treatment b) Op 
Reduction and Results 
Beckett Hou orth, M D , New York, N, Y 

Discussion Vernon L Hart, M D , Minneapolis, Minnesota (by invitation) 

The Trumble Operation for Fusion of the Hip Joint 

Ceorge W Van Corder, M D , Boston, Massachusetts 
\ Neu Technique for Arthiodesis of the Hip 

Alan DeForest Smith, M D , New York, N Y , 

Orun D Baab, M D , Neu York, N Y (bj' invitation) 

Discussion Carl E Badgle3’', M D , Ann Arbor, Michigan, 

Alberto Inclan, M D , Havana, Cuba 
I lit FfTccts of Radio-Activity on Bone 

John Z Bou ers, M D , Washington, D C (by invitation) 

Discussion John R Moore, M D , Pluladelphia, Penns3dvania, 

Joseph S Barr, M D , Boston, Massachusetts 
Noon First Executive Session 
Afternoon Session 

A Conference, sponsored and airanged b3’^ the Joint Committee on Postgraduate Education o 
Amencan Orthopaedic Association and The American Academy of Orthopaedic Suigeons 

1 Intioductoi3’- remaiks b3^ the Chairman 

A R Shands, Jr , M D , Alfred I duPont Institute, Wilnungton, Delauare 

2 The Ideal Curiiculum 

A For Adult and Fracture Training v V k I 

Alan DeFoiest Smith, M D , New Yoik Orthopaedic Hospital, Neu or , ^ 

B For Children’s Training 

Wilham T Green, M D , Cluldren’s Hospital, Boston, Massachusetts 
C For Basic-Science Instruction 

Gu 3 A Calduell, M D , Tulane Univeisit3^ New Orleans, Louisiana 

3 The Ideal Curriculum of Resident Training in 
A A Umversit3 Chnic 

Carl E Badgley, M D , Universit3’’ of Michigan, Ann Arbor, Michigan 
B A Private Clinic 

James S Speed, M D , Campbell Climc, Memphis, Tennessee 

4 Resident Training in a Government Hospital 

A Veterans Administratron ™ nnes'cc (bf '' 

Dana M Street, M D , Kenned3 't^’eterans Hospital, Memp 
vitation) 

B United States Arm3" , wosp,(aJ, ' 

Lieutenant Colonel Milton S Thompson, M C , Brooke General n 1 
Houston, Texas (b3’- invitation) 

AXDJ0I''T-=''" ' 


THE JOURNAL OF BONE 



Ninvs NOTl^S 


691 


hp( Cl il I rumnn (lie RcskU ii( Should Have in 
\ Corobi il Pils^ 

Hobort A Kiiinbl, M 13 , Campbell Clime, Memphis, Tennessee (by invitation) 

B Iiifiiiilile Pal ih MS 

P Lit nil ml, M 13 , Tolms llojikins Hospital, Baltimoie, Maryland 
C The I'llliiin and M living of Biaiis and Piosthtscs 

Alin '1 lionias, M 13 , Dunei, Coloi ulo 
f) Special 'Iriimiin the Bisidnit Should lln\i in 

A Belated Subjicls Pin sic il Meduiiu, Bocntgcnologj , Neuiology, and Rheumatologj' 

B Bi search and Public ilioiis 

Fremont A Chandler, M 13 , Umvcisitv of Illinois, Chicago, Illinois 
7 1 he Grulu iti School of Mediciiu Coiiisc m Oithopacdic Suigery and Its Curriculum 

1 T Nicholson, M 13 , Um\orsil\ of Pcnnsjdvania Graduate School, Philadelphia, 
Peiiiis-^ h im 1 

S ^Mlnl Coiisliluti s a S ilisf icforj Precept orship Training 

1 Alb( rt Ke^ , M 13 , islimgton University, St Louis, Missouri 
0 Comiiu Ills from 1 he Amei icaii Board of Orthopaedic Surgery on Board Certification and 
Bcsidciit T riiiimg 

Francis M McKcevci, M D , los Angeles, California 

10 The Amencan College of Suigeoiis and Specialty Training 

Philip D Wilson, M D , Tlic Hospital for Special Surger3’’, New York, N Y 

11 The American Medical \s-sociatioii and Spccialtj Training 

F H Arestad, M D , Associate Sccrctar3' of the Council on Medical Education and Hos- 
pitals (b3 invitation) 

12 Discussion and Summar3 

TnunsDAi, Mai 19 


Mommg Session 

The Orthopaedic Treatment of Tuberculosis of the Spine in a Militaiy Tuberculosis Center 
Lieutenant Colonel Harold S McBurnc3'’, Denver, Colorado (by invitation) 

Discussion David M Bosn orth, M D , New York, N Y 
Fusion of the Sliouldcr Joint in Children, Utilinng Autogenous Bone Graft 
Charles R Rountree, M D , Oklahoma Cit3’', Oklahoma 

Discussion James Vernon Luck, M D , Los Angeles, California (by invitation) 
Conclusions Concerning the Use of Refrigerated Bone in Orthopaedic Surgery 
Philip D Wilson, M D , New York, N Y 

Discussion James S Speed, M D , Memphis, Tennessee 
Trials and Tribulations in Attempted Femoral Lengthening 
H Relton McCarroll, M D , St Louis, Missouri 

Discussion LcRo 3'’ C Abbott, M D , San Francisco, California 
The Congenital K3 photic Tibia 

Carl E Badgle3', M D , Ann Arbor, Michigan 

Discussion Clarence H He3 man, M D , Cleveland, Ohio, 

Wallace H Cole, M D , St Paul, Minnesota 
Correlation of M3elographic and Operative Findings in Intervertebral-Disc Lesions 
J Albert Ke3 , M D , St Louis, Missouri 
Cauda Equina Tumors as a Cause of the Lov-Back Sciatic S3Tidrome 
James W Toume3q M D , Boston, Massachusetts 

Discussion Joseph S Barr, M D , Boston, Massachusetts, 

Lenox D Baker, M D , Durham, North Carohna 
A Report on the Trip to England of the American and Canadian Orthopaedic Groups 
Donald W Blanche, M D , Los Angeles, California (b3'’ invitation) 


Mcrmng Session 


Fridai , Mat 20 


The Patella Its Importance in the Deiangement of the Knee 
Edmn F Cave, M D , Boston, Massachusetts, 

Carter R Rove, M D , Boston, Massachusetts (by invitation) 
Discussion Harry C Blair, M D , Portland, Oregon 
Acute Non-Tuberculous Psoas Abscesses 
Isadore Zadek, M D , Nev York, N Y 

Discussion I William Nachlas, M D , Baltimore, Mar3 land 
Giant-Cell Tumors in Children 

Harold D Palmer, M D , Denver, Colorado (by mvitation) 
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Factors u hich Influence Sunuval in Bone Sarcoma 
C Hoiiard Hatcher, M D , Chicago, Illinois 

Discussion Eobert W Johnson, Jr , M D , Baltimore, Maryland, 

Robert I Hams, M B , Toronto, Ontario, Canada 
Circulators Changes in the Extremities, Associated unth Infantile Para^^sis and the Relation to 
Occurrence of Shortening 
William T Green, iM D , Boston, Massachusetts, 

Thomas Gucker, M D , Boston, Massachusetts (by invitation) , 

Margaret Anderson, M S , Boston, Massachusetts (by invitation) 

Discussion John L McDonald, M D , Toronto, Ontario, Canada 
Presidential Addiess 

Ralph K Ghormle 3 ", M D , Rochester, Minnesota 

Satordax, Max 21 

Morning Session 

Restriction of Giouth of Bone by Pins through the Epiphyseal Caitilage Plate 
Sjdxan L Haas, M D , San Fiancisco, California 

Discussion Walter P Blount, M D , Milwaukee, Wisconsin, 

William T Gieen, M D , Boston, Massachusetts, 

Gerald G Gill, M D , San Francisco, California 
C ongeiiital Metatarsus Varus 

J Hiram Kite, M D , Atlanta, Georgia 

Discussion Haiold A Sofield, M D , Clucago, Illinois, 

Walter P Blount, M D , Milwaukee, Wisconsin, 

Phihp D Wilson, M D , New Yoik, N Y , 

Joseph A Freiberg, M D , Cincinnati, Ohio 
\n End-Result Studj^ of the Keller Procedure 
Alathei Clex'-eland, M D , New York, N Y , 

Edward M Winant, M D , New York, N Y (by invitation) 

Discussion Samuel Kleinberg, M D , New York, N Y 
^l 1 liijuius — Trauma of Lower Extremities Resulting from Toision Strain 
lohn R Moritz, i\I D , Sun Valley, Idaho (by invitation) 

Discussion Atha Thomas, M D , Denver, Colorado 
\ oon 1 111 d I xccutive Session 

Robeit \\ Johnson, Jr , M D , Baltimore, Maiyland, is President of The Ameiican Oitliopacdic A 
ciation lor iho xc u 1949 to 1950 i 

At tilt hinl Executive Session of this Association, the follownng ofBceis, membei’S of coniniitfcc , ai’ 
delegates w e rt elected 
Officer 

Presukiit-Elect James S Speed, M D , Memphis, Tennessee 
Vice-President John L McDonald, M D , Toionto, Ontario, Canada 
Secretarx C Leslie Mitchell, M D , Detroit, Michigan 
Treasurer Frank D Dickson, M D , Kansas Cit 3 '-, Missouii 
Committee Members 

Membership Committee Daxud M Bosworth, M D , New York, N Y 
Program Committee Walter P Blount M D , Milw aukee, Wisconsin 
Research Committee James W Tourney, M D , Boston, Massachusetts 
delegate to the American College of Surgeons 

Heniy V Meverding, M D , Rochester, Minnesota 
Representatives on the American Board of Orthopaedic Surgery 
Herman C Schumm, M D , Milwaukee, Wisconsin, 

Harold A Sofield, M D , Chicago, Illinois 

The following were elected to active membership in The American Orthopaedic Associa lo 
Edgar M Bick, M D , New York, N Y , 

Gariy deN Hough, Jr , M D , Springfield, Massachusetts, 

John C IMcCauIey, Jr , M D , New York, N Y , 

Hugh Smith, M D , Memplus, Tennessee, 

Frank Stinchfield, M D , AYw York, N Y , 

Hugh A Thompson, M D , Raleigh, North Carolina 
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Suggestions for Contributors 

W hile The Journal of Bone and Joint Surgery is published by The American Orthopaedic Associations 
The Bntish Orthopaedic Association, contributions of interest to orthopaedic surgeons are welcome from > 
countries of the world 

Manuscripts offered for publication in the Aniencan Volume should be sent to the Editor, TheJourn h 
Bone and Joint Surgery, 8 The I'enwaj', Boston 15, Massachusetts 

Manuscripts submitted for publication in the Bntish Volume should be sent to the Editor, TheJoj~ 
of Bone and Joint Surgery, 45 Lincoln's Inn Fields, London, W C 2, England 


Instructions to Contributors to American Volume 

All articles arc acknowledged as soon as received, and a reply is sent as to their chsposition as sooni, 
possible after that date Since the manusciipts aic read by members of the Board of Associate Editor: t 
often are discussed at the meetings of the Board, there may be unavoidable delay 

Articles are accepted only w ith the understanding that they are contnbutions exclusively to thislowr ' 


Manuscripts 

All manusenpts should be typcw'ntten, with double spacing and good margins The original should t 
submitted, the author keeping a copy, as the oiiginal of an accepted article wall not be returned 

Figures under 100 should be written out, except when used for percentage or degrees, or where dccinul 
are iiiiohcd 

W hen direct cjuotations arc used, thej should include the exact page numbers on which they appeared^ 
the Ijook or article fiom which they were taken 

A list of legends for the illustrations should be included ^ 

The bibliography should include only references mentioned in the text It should be double spaced ac. 
arranged alphabetically, and the followang forms used 

Reference to an article author’s name and imtials, title of the article, name of penodical, volume numte, 
inclusne pages, and jear of publication 

Reference to a book name of author and imtials, title of book, edition number, city of publicalio" 
publisher, and year of pubhcation 

Accuiaci in the pieparation of bibhographics wall save much time and correspondence 


Illustrations 

Careful consideration must be given to the number of illustrations accepted wath each article Itis'cH® 
necessary to republish illustrations . 

Good illustrations in 7 /e Journal arc only possible from good copy Black and white glossy P"” . 
photogiaphs should be furnished Direct-contact glossy prints from the onginal roentgenograms s ou 
submitted These usually reproduce more satisfactorily than do prints from secondary negatives 

The magrufication of all photomicrographs should be given [ 

Original draw mgs should be furmshed , photographs of drawangs do not reproduce well If there is P 
mg on the drawings, it should be large enough to be readable after the necessary reduction 
All drawangs and lettenng on pnnts should be done in black India ink Dates, imtials, et 
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OV CON I'ACT-COMPRESSION FACTOR ON 
,OSTFOCFy'ivirsis IN SURGICAL FRACTURES 

G N\ N 1 GGl ns, M D , THOMAS O SHINDLER, M D , 

VNn CIIAIU 1 S JI POMERAT, PH D , GALVESTON, TEXAS 

From (hr Drparlmcnt of 0:lliopacdic Siirgcn/ and the Department of Anatomy, 
lhiivrr‘~iti/ of Texas School of Medicine, Galveston 


The losnlts of plusu il fol(o^ on os».eous stuictuies have been lecorded for a long 
lime b\ obscucis ol moiphoiogit.vl diai actenstics That bone conforms architecturally 
lo new slices and siiain ciealcd bi defoimitj’’ and tiauma was expressed m 1892 by Julius 
Wolff, who ad\ anted the theoiy that eioiy change in the form and function of a bone or 
in its function done is followed ceitain definite changes in its internal architectuie 
and ociuall\ definite «ocondaiv alteiations m its mathematical laws The principle ex- 
pierced has since been known as \\ olff’s law’, but, because of the physiological variables, 
JJ ojff could net Cl ledutc the obscnation to mathematical accuracy' 

H gh Owen Thomas expiessed his obseivations in 1883 “The presence of vitality 
in the bod}’ is a factoi in nding us to mechanically coriect even mechanical defects, as 
ecceiitiic foinis, that cannot lie alteied in the dead body, without rupture or fracture, 
can, dining life, be alteied bj mechanical influence, as time and physiological action will 
commode the pait to the dnection of the employed foice “ 

In 1929, Fell and Robison showed, b}’ explanting a segment of embryomc femoral 
caitilage, that the femui would develop on the same general lines as in the normal limb 
Thus, the stiuctures possess an mheient factoi of configuration 

These clinical obseivations and expeiimental findings are not in conflict and suggest 
that a bone, although inherently designed, may respond later with architectural changes 
Glucksraann, in 1938, show’ed an effect of compression vitro, he subjected endos- 
teal cultuies to pressuie by placing them m intercostal muscle between tw’o growing 
libs Oriented stiuctuies W’ere produced in unoriented bone tissue 

To determine the influence of a compression force in osseous repair and to test its 
consistency w’eie the purposes of the expeiimental w’ork to be presented To create a con- 
ti oiled investigative condition w’hich involves so many physiological variables presented 
almost insurmountable difficulties Study was made of the femora and tibiae in dogs and 
in rats, but the data w'ei e discarded since accui ate conti ols could not be instituted 

The problem of seeming living bone fiee fiom compression, tension, or muscular 
influences, yet adequate foi the application of expeiimental devices to produce a con- 
trollable artificial foice, w’as resolved by the selection of the parietal bone of adult rats 
It W’as consideied that this selection would provide a highly critical test of the h 3 q)othesis 
^''ggested, since membrane bone is notably poor in its osteogenetic response® 

* Read at the Annual Meeting of Tlie American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 25, 1949 
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TECHNIQUE 

The expeiimental operative proceduies Aveie peifoimed undei inhalation ether ar 
aesthesia with thiee instiument-steiilization techniques, — that is, vnthout antisepsis, witl | 
alcohol antisepsis, and with heat antisepsis After longitudinal incision of the skin an' 
supeificial fascia ovei the middle of the skull of matuie white lats, the procedure consistci' 
in making a thiee-sided flap m the left paiietal bone (Fig 1) with a lotai}^ sav, 150 micr 
thick and 1 38 centimeteis in diametei One cut was made paiallel to the sagittal siitiin 
anothei 2 to 3 millimeteis lateial to this, and a thud connecting the two anteiiorl; T1 
flap with its peiiosteum and blood supply lemained attached behind, pioviding a pom, 

of fixed anchoiage 

In the application of lateral coir, 
piession, a small hole was dulled it 
the flap anteromedially and anotlii, 
laterally at the same level throiid 
the left temporal bone, after the tcni 
poial muscle had been reflected 
Cotton thread (No 8), put throiigii 
these holes extiaduially and edra 
cranially, ivas tied tightly so that It'’ 
bone flap turned slightly lateral!', 
approximating vuth some comprc" 
Sion the bony margins of the lateral 
cut and leaving the margins of flif 
medial cut sepaiated by not more 
than 3C0 micia at the anterior; 

The skin and superficial fascia 
closed w’lth mteiiupted cotton sutur^ 

In the application of media 
compiession, the thiee-sided tiap"|^ 
made m a similai mannei, but a hoe 
wms di died m the anterolateral aspec 
of the flap and the coirespondio' 
dull hole ivas made in the right tcni 
poial bone A small stainlesb s e*^ 
Avne hook AAms placed into eaci 



these tivo holes, and the t"o 


hoot 


Fig 5-A 


Fig 5-B 


Diagrammatic repi esentation of longitudinal and trans- 
ve^e muscular compression forces on a long bone 
fa^OT Muscle tone exeits a more or less constant 

Fig 5-B Voluntar}'^ conti action inci eases the tiansverse 
and longitudmal compression factor 


Avere connected AAuth a lubber 
under tension (Fig 2) The s m « 

superficial fascia AATie close o'cr ^ 

appliance By varying the P°‘" ^ 

the dull holes in the bone flap an 

the tempoH 


corresponding ones m 


bones, the distribution o ‘e 
force applied could be vane ^ ^ 
At inter A'^als folloAAing the operation, the animals AA^eie sacrificed, the app j,.) 
lemoA'^ed, and the entire flat surface of the calvarium of each lat Aims excised cir^ 
placed m 10 per cent Zenker -for malm solution, folloAA’^ed b}'’ decalcification m g, 
hj^drochloric acid and embedding m paraffin The skull of each animal was , 20 " 
sectioned from behind foiAA^aid (Fig 4), making a combined total of moie t 
sections AA^hich AAeie obseiA'^ed after staining AAuth hematoxylin and eosin rpujg jncl"'^' 
Eighteen animals AA^eie successfully operated upon in this experiment 
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Fig 6 


Osteogenesis of ciulochondnl bone in femui of an adult rat (X 160) 

thirteen m tthich the contact-compiession factoi was applied and five m which it was 
omitted Sections fiom ten animals aie included in the illustiations Of the eleven animals 
in which the contact-compiession factoi was applied and wdiich w^eie sacnficed aftei the 
fifteenth postopeiative day, ten showed a favoiable lesponse to the force applied None ot 
the animals not subjected to the contact-compiession factoi show^ed any significant 
osteogenetic activit}’’ 


Discussion of Technique 

Each specimen of animal skull piesented a field of study in which theie was an area 
of static flap contiol (Fig 4:, 12), a movable flap, to the maigin of w^hich the contact- 
compiession factoi could be applied (Fig 4,f to 11), the opposite, non compresse con 
flap margin, and an undistuibed skull maigm (Fig 4, aiiow) i j 

The expeiimental technique desciibed furnished material w^hich was placed un ei 
mechamcal stiess, applied on a maigm of choice One free maigm o e one a 
compiessed anteiioily, but, proceeding posteiiorly, the degiee of compiession decreased 
and finally theie w^as no contact at all Thus, mateiial with contact and ^ 

contact and evcessive piessuie, and wuth compiession an no con ac cou ^ ^ 

Since It w^as not possible expeiimentally to ensuie contact without ® ’ 

and since it wms showm in these expeiiments that compiession could be pri^uced 
contact, the authors selected the term “contatt-eompress.on factor ^ 

theiefoie, the combination of contact and the force to promote contact, eaeited on bone 
stiuctuies foi which osseous union oi osteogenesis is desne stnif 

The contact-compression facto, is constantly considered m he " 

'tales with which snigeons and oithopaedic workers aie ,, , j j, 

■pioblems, the factor is unwittingly utilized, puipose y to a e , j possible 

reasonable to assume that contact demands compiession to some deg.ee It ,s also possible 
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that a compiession foice maj'- be exerted thioughout a bony structuie without contart n 
the affected maigin 

The contact-compression factor consists of two parts (1) contact of surfaces unde, 
compiession, and (2) the compression force, endeavoring to bring into actual contact 
fracture surfaces which are only opposed In a fracture the compression may consist 
either of two foices, — internal or external, each is exerted on the fracture surfaces 
The internal force is physiological and is created by the muscles The foice is com 
posed of two paits, — the muscle tone and voluntary muscle contiaction The muscuh, 
foices aie effective in many planes, as in the vertebiae or pelvis, but two directions, th 
longitudinal and transverse, aie moie dominant as applied to long bones The transicr" 
piessuie IS exeited by the mass of the muscle structure, especially m the voluntari con 
traction which inci eases the diameter of the muscle (Figs 5-A and 5-B) This isparticu 
larly effective, because of the fact that the musculature is practically always contained 
vithm a fascial sheath of some type or degree The longitudinal force is due to mu'cle 
tone and is greatly influenced by muscle contractions The certain fact of all musciihr 
foices is that the}’’ are A'^ariable in proportion to the muscular activity 

The external contact-compression force is due to non-physiological forces, such i 
gi aA ity, AA’eight-bearmg, and surgical methods, which may follow an anatomical pattern 
Fiactuie i eduction of opposing surfaces results in partial contact and much approii 
m ition Suigical proceduies, such as arthrodesis and grafting of bone, cannot be expected 
to furnish perfect contact, but piesent a relatively large surface approximation Thus, the 
''etui mg of bony union oi osteogenesis is dependent on the osteogenetic effort of the 
m\ ohed bone surfaces As indicated in these expeiiments, the influence of the contact 
( ompression factoi is clinically important^ ® ® ® 


RESULTS 

fn the interpietation of the expeiimental findings, the authors Axere anare of mam 



effort at union of fracture margins is ewdent (This is the control area of rigs 

n joixr 
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Fig 7 -B 

Latcnl cut (X 150) Tlicre is no purposeful osteogenesis for union 
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Fig 7-C 

Medial cut (X 150) Theie is no puiposeful osteogenesis foi union 

toiiditioiib dftecting osteogeiiesib ciiid, uithoul alteiiiig oi diialj'/ing tliem, have attempted 
to keep the phj'^siolog}^ of expeiimental fields of the control and of the affected pait tii- 
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tually identical conducting both in the same animal wnthm a limited transverse plu-iu' 
space of about 2,500 micra Thus, in the experiments, the control maigin can be tcfc 
simultaneously m the lou-poiiei micioscopic field inth the expeiimental margin of th 
bone studied It is leasonable to assume that no gieat phj^siological vaiiation would 
present m such close pioximit}’’ 



Fig 8-A 

Vrea 11 sixteen dats Medial contact-compression factor w'as applied There is osteogenetic actinh 
of medial margin ( X 40) 








Fig 8-C 


ShoiMng osteogenesis of membranous bone m adult rat Medial cut (X 150) Osteogenetic activity, 
fragmentation, and osteoblastic invasion of reticular network may be noted The osteogenetic activity 
IS identical with that in Fig G 


The basic osteogenesis of bone is the same in membianous and endochondial bone 
[Figs 6 and S-C) Each piesents piimaiil 3 '^ a leticulo-collagenous network, followed by 



Aiea 7, sixteen dais Medial contact-compiession fictor was applied Section m ide through edge of 
compression hole (X 40) Note pressuie necrosis due to excess pressure on lateral niaigin Osseous 
activity occurs on medial side 
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osteoblastic ln^ asion and deposition of calcium salts Cartilage may be seen m mem 
bianous as ■\\ell as endochondral bone, as obseived by Pritchard 

The figures of the micioscopic studies are oiiented so that uniformly the lateral border 



Fig 9-B 

Lateral cut (X 150) Lateral flap margin shoiis necrosis and fragmentation 



Fig 9-C 


Medi il cut (X 150) There is actue osteogenesis in both maigins of fracture intcci 
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of (hr 4ull (lap IS oil (Iio loarloi s Irff, (lu> modi il skIp on the ii{>;h(, the eulaneoiife poition 
\t, (he (op, and the duial suifacc below The gap due to the saw cut is usually obvious, 
and eich section is shown in a low-pow'ci (X 40) and a higliei-pow^ei magnification 
(X 150) of each suigical fiactuie The age m days of each section indicates the numbei of 
da3's aftei opeiation at which (he animal wms saciificed The aiea numbei indicates the 
position on (he bone flap fiom which that section was taken (Fig 4) 




Fig 10- V 

Area 6, sc\ entecn cl u s (X 40) Lateral contact-compiession factor w as applied Contiast the osseous 
union on lateral aspect witli fihious tissue in fracture gap on medial side 


nr-—. 








Fig 10-B 

Lateral cut (X 150) Showing union of lateral margin 
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Fig 10-C 

Medi il cut (X 150) Theie is fibiosis and no union of medial fractuie margin 

< )t eighteen animals employed in this expeiiment, the lesults in all those sacrificwl 
('ll the Mxtcenth day oi latei aie lepoited Those saciificed pievious to the sixteenth po I 
opeiatne dat showed little oi no osteogenetic actnnt}’’ 

\.ua 12 Sixteen Days Theie was medial compiession of the flap, but no contact 
compiession factoi was applied to this poition A bone flap tvas piepaied accoidingtotk 






Fig 11-A ^ 

Area 8, seventeen da 3 s (X 40) Lateral contact-compi ession factoi A\as applied 
note necrosis and inflammatorj cells New -bone formation has occurred on lateral 

THE JOUR^AL OF BONE AND JO 










Fig 11-C 


Medial cut (X 150) Showing necrosis of bone and inflammatoij' cells on medial side There is no 
attempt at union 

routine technique, but no pressuie was applied to the contiol flap margins (Area 12) These 
lemain lelatively passive vith no invasion of the fiactuie inteival, although theie is some 
suiface activity (Figs 7-A, 7-B, and 7-C) This is the contiol aiea of the expeiimental 
animal shown in Figmes 8-A, 8-B, and 8-C 
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A)pf7 77, Sixteen Dai/x The contact-compiession factoi ^^as applied lo the medial shI, 
The lateial (control) margin presents no eifort at union The medial side shoi\s the fnrnu 
tion of ne^^ bone, \Mth simultaneous resoiption of devitalized bone along the fraitiin 
margins and the typical reticulo-collagenous matrix (Figs 8-A, 8-B, and 8-C) 

Area 7, Sixteen Days The medial contact-compiession factor was applied This^ec 
tion was made thiough the edge of the dull hole in which the small metal hook was placed 
Undei excessn e piessuie, this lateial aiea of the flap shows some necrosis and little osteih 
genesis The medial tiacture margins show maiked osseous activity, both sides lm\iii<' 
lecened the benefit of the contact-compression factoi (Figs 9-A, 9-B, and 9-C) 

Aiea 6, Seventeen Days The lateial contact-compiession factor ivas applied TIk 
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fidctuie lines aie well defined, and tlieie is maiked new -bone invasion wnth activity in the 
diploe and union on (he lateial maigin Theie ib no effoit at lepaii of the fiactme gap 
on the medial side (Figs 10-A, 10-B, and 10-C) 

Aiea 8, Seventeen Days Lateial application of the contact-compiession factoi has 
been made (Fig 11-A) This section was included because the animal was giossly infected 
The maiked destiuction of bone and the associated bone activit}'- aie clear Again, the 
impoitant fact is that, in the piesence of infection, osteogenetic activity is greatei on the 
side (lateral) leceiving the contact-compiession factoi The medial side show^s onl}'- marked 
bone neciosis and lesoiption (Figs 11-B and 11-C) 



Fig 13-A 

Aica 9, twenty dajo (X 40) Litual contact-compiession factoi w is ippheii Union is ictnc on 
I itci il maigm, fibrosis is piesent m mediil gap 
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Alcn IJ, Sixteen Dnyx The contact-compiession factoi as applied to the nicdiaKidt 
The lateial (control) margin presents no effort at union The medial side slio\\s the fnrnu 
tion of ne^^ bone, with simultaneous resorption of devitalized bone along the fr'idiin 
margins and the typical leticulo-collagenous matrix (Figs 8- A, 8-B, and 8-C) 

Area 7, Sixteen Days The medial contact-compression factor was applied This -of 
tion V as made tin ough the edge of the drill hole in which the small metal hook Mas plaral 
Undei excessive piessuie, this lateial area of the flap shows some necrosis and little n'toD- 
genesis The medial tiactiire maigins show marked osseous activity, both sides liaun}; 
lecened the beneht of the contact-compression factoi (Figs 9-A, 9-B, and 9-C) 

Aiea 6, Seventeen Days The lateral contact-compression factoi was applied The 
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l(((i 9, I'wiuti/ Tho hUoial con(.K(-compiession factoi ^\as applied (Fig 13-A) 
The ObbeoUb 'ulivih is o\ iclcnt on llie lalcial aspect, but is lacking on the medial (contiol) 
side Ncm bone is noted between tlic diploe, and caily osteogenesis is seen betw^een the 
fiactine ends on the liteial boidei undei the liigh-pow^ei magnification (Figs 13-B and 
13-C) 

Atca S, Tucnly-ctqhl Dai/s Tlic medial ( out ai t-compiebsion factoi was applied The 
basic findings iieiepeated Ileie the i espouse is less c omplete, but the pimciple of leaction 
to piessuie IS const lilt (hig 14-A) This section is inteiesling because of the osseous 



Fig 14-B 

Lateial cut (X 150) There is no union of literal fracture margins 
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Fig 14-C 

Medial cut (X 150) Osteogenesis is active, especiallj’’ on compressed maigin There is m effort it 
gap closure medial margin of flap 


dctiA it}" on the cutaneous side of the lateial skull maigin, m contrast to the lateial aspect 
of the flap EA"en though theie A\as osseous actmty (positional osteogenesis), the contact 
compiession factoi Atas absent, and puiposeful bon}’’ effoit to bridge the lateral fracture 
gap IS consequently lacking The lateial flap maigin is under no mechanical piessiireaml 
IS totalh" inactiA e (Figs 14-B and 14-C) 

Aiea 9, Tlwty-mne Days The medial contact-compiession factoi has been appl'f' 
This section piesents osseous actiAuty on the medial side Aiith union, the lateial borccr 
IS unumted Actual contact of the fiactuie maigins is not present, but the margins ire 



Fig 15- a. 

■Aiea 9, thirtj-mne dais (X 40) Medial contact-compiessiou ficloi \i apiihtd 
has occuired on medial side, there is non-union of latei il margin 
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I'lG I3-B 

Literal cut (X 150) TIilic is non-union Osteogenesis is picstnt, with no jiuiposeful effoit to h)l 
the fracture inten il from the Iitci il shull mat gin 



Fig 15-C 

Mednl out (X 150) Sliowmg osseous union of ippioximited margins 


ippi oMinated Howevei, the osteogenebib pioceedb acioss the fiactme gap on the bide of 
I'Ompiesbion, but not on the non-compiesbed maigin (Figs 15-A, 15-B, and 15-C) This is 

significant 

Aiea 10, Foity-six Days No contact-conipiession factoi was applied 
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piecedmg illiistiations is impiessive The lateral fiactme line piesents an abbciucdi 
osteoblastic activit3% and the medial side shoiis onl}’- fibiotic oiganization (Figb IG 1 
16-B, and 16-C) 

Ajea 9, Ahnety-foin Days No contact-compiession factoi Mas applied Both margin 
of the flap aie uniimted Theie is some osseous activit}’-, but no union of either fracture 




Lateral cut (X 150) 


Fig 16 -B 


There is absence of osteoblastic activity 

or nosr aM* 
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maigin (Figs 17-A, ]7-B, and 17-C) The significance of this nmety-foui-day section with 
non-union is impiessive, and becomes moie so uhen contiasted \\ith the seventeen-day 
sections on the side of the flap to vinch the contact-compiession factoi was applied and 
\nth the osteogenesis and union that followed 

COMMENT 

The consistency of the findings thioughout the experiments convinced the authois 
that the contact-compression factoi was the only leasonable variable in the investigation 
Union could be secuied on eithei the medial or lateral aspect of the bone flap by choosing 
merely the side to unite and then applying the contact-compression factoi to that side 
If no union vas desired, the flap was cut, and the contact-compression factor was not 
applied Certamlj'’, it seems leasonable to conclude that the contact-compression factor is 
important in stimulating osteogenesis and securing osseous union of fractuie surfaces 
The consistency and peisistence of the same findings become impiessive as one examines 
section after section, hundreds or moie, and the findings aie found to have been repeated 
in the same ordeily fashion This lesponse of bone to the contact-compiession factoi can 
be utilized to clinical advantage 

The margins which received excessive pressuie and contact became necrosed with a 
delay m osteogenesis, the maigins undei a more ideal piessure and contact had excellent 
osteogenetic activity, and the appioximated maigins with piessure applied made a detei- 
mmed osseous effoit to budge the mteivenmg fractuie gap The serial sections clearly 
show the leaction to the varying piessuie Thus, the contact-compiession factoi inth too 
much foice caused neciosis, when absent, theie was no osteogenetic response These find- 
ings have convinced the authois that the optimal piessuie is somevheie within the 
I physiological limits of the foice exeited by the musculature of the individual concerned 

SUMMARY 

Expel imentally, the authois pioduced union and pin poseful osteogene‘'is m suigical 
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fiactuies in the aiea selected by applying the contact-compiession factoi alone 11 
microscopic sections are the factual evidence of this accomplishment 
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Mcdnl cut (X 150) Medial frnctuie maigins are not united 
CONCLUSIONS 

1 The contact-compiessioii factoi should incoipoiate compiession foices in physio- 
ogical muscle balance 

2 The piesence of the contact-compiession factoi favoiably influences purposeful 
isteogenesis and fiactuie union Its absence fails to stimulate, but does not pi event, 
isteogenesis 

3 The piesence of infection in the fiactuie site does not alter the tendency for 
isteogenesis to be moie active in the aiea upon vhich the contact-compression factoi is 
i\ei ted 

4 Excessive piessuie causes necrosis of the compiessed bone, and lack of pressure 
ails to stimulate osteogenesis The most advantageous compression foice on the fiactuie 
iurfaces appaientl}”^ is mid- way between the extremes, and probably is exerted by the 
ihysiological forces of the musculature of the parts involved, to which the osseous struc- 
uies are adjusted 

Note The authors wish to express theu- appreciation to the United States Army Medical Library, 
Jmted States Naval Research Giant (N6-onr-266) , Medical Library, Department of Medical Illustration, 
Lnd Mlss Estelle Greenwalt, University of Texas School of Medicine 
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DISCUSSION 

Dr Hugh Smith, Memphis, Tennessee Dr Eggei s’ thought-pi evoking paper is represenhtiu i 
the tj pe of n ork in n hicli oithopaedic suigeons must engage in the future, — namelj^, phj'Siological uui |utl 
logical investigation of the fundamental processes of orthopaedic phenomena The possibilities in clime' 
research, nev surgical techniques, or mechanical appbances have not been exhausted, but the field is pi 
gressu elj narromng Rathei than embark upon clinical studies alone, w e must non turn to more bi'ic ro 
search for original ideas 

From a purelj clmical standpoint — and I have onl3i clmical expeiience upon which to base nn dicL- 
sion — I believe that Dr Eggers’ thesis is correct that contact-compression is one of the major niechanifi' 
factors in bone healing, and that clmical data substantiate his observations 

To a person believing in the necessit3i for absolutely rigid fixation of fractures, the success of the liangin 
cast method of treating fractures of the humerus was somewhat disconcerting, and required a compM 
about-face in some of the fundamental beliefs in regard to bone healing It w'ould seem that, provided 'liw 
ing forces are ehimnated, a slight amount of motion or laxity of healing bone surfaces is desirable Hontui, 
both excessive motion and absolute ngidit3i should apparentl3i be avoided 

Di Eggers’ conclusions are most interesting and stimulating, and represent, I believe, a step m tl 
right direction M31 ideas of bone healing must again be altered We have all been aware that diastasss'’ 
verseh affects healmg, and that apposition and contact are desirable Other than as a means of mamtiinir- 
contact, the effects of compression on osteogenesis have not been fulty appreciated or general!}' accept^ 
As Dr Eggers so aptl} puts it, “this factor has been unwTttingl3 utihzed, purposely violated, orsurgiw f 
created’’ I think it is natmal that we should not accept this, or perhaps have a little reticence in acccptc 
this contact-compression factor, since w e are w ell aw are that excessive compression is responsible for ncca^ 
SIS or osteoclasis Dr Eggei s’ findings show that there is much to be learned in regard to optimal nicchanin 
conditions for the healmg of bones Certainly, there must be a common meeting ground for the vanou f'' 
cepts of immobilization, positive piessme, 01 contact-compression 

If the optimum amount of pressure can be determmed and controlled, the more widesprea e P" 
tion of intramedullar3 pms, particulail3' for the femur, slotted plates, or vanous other mechanical app is”' 
w hich take advantage of this contact-compression factor would seem logical 


Dr Edward L Compere, Chicago, Illinois This paper by Dr Eggers is both interesting an^^^ 
structive The method of this controlled investigation is exceedmgl3' ingenious and the results appear 
mcontrovertibly accurate ^ 

Although this work has been done on bones which are preformed as membrane, while most ^ 
which the orthopaedic suigeon treats are in bones which aie preformed m cartilage, Eggers statw 
experimental evidence seems to support his thesis) that the healmg of fractures is identical m hot ^ 
nous bone and m bone which has its oiigin m cartilage The experiments described here con rm ^ 
expressed b3’’ Charnle3 m 1948 and b}' Eggers m the same year, in an article dealing wnth c 
namel3, that moderate compiession aids the healmg of fractures and hastens the processes 0 ) 
and osseous umon m arthrodesis operations pg,rer 

It IS important that the clinician keep m mmd the lessons w hich have been retaught } 
that compression wnthout bone contact, such as that created by metal against bone, 

Marked compression-contact between two bones or between fragments of the same ’ 

necrosis The well-established prmciple is still ignored by men lacking adequate tliel'f^'' 

mg of orthopaedic prmciples,— that distraction, even though contact may be retamed, wt e 
of fractures, and that distraction w ith loss of contact may lead to non-union r ' 

In 1938, I earned out some experiments at the University of Chicago, in which 
the fibulae of dogs trephined the calvarium in the same area as did Dr Eggers, and swi c 
puttmg the fragment of fibula mto the calvarium defect and bone of the calvanum ® nopra'’’”^^' 

m the fibula The skull bone united to the fibula, while the bone from the fibula, w hic a 
tor holdmg it mto position m the calvarium, was slow to form even fibrous union (.p 

The obvious conclusion from these expenmental studies of Dr Eggers, supports ^as I 

experience, would be that mmmial compression-contact creates the ideal situation or fom' - 

of fractures or the obtammg of fusion followmg arthrodesis operations The 1 ea co 


those created by the muscles themselves, as the}' envelop the bones of the extremities 
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E^unieioii ‘5 methods of poifoiniing e\tiA-ai lituhii tusion of the hip joint die lecoided 
111 the litei ituie, ind among tliese is one which the wntei believes should be moie wudely 
lecogm/ed It is an ischiofemoial typo of ai- 
thiodesis, ad\ocatod in 1032 by Hugh C Tium- 
ble of Meibom lie, Austiaha This opeiation is 
especially suitable in cases of tubeiculosis of the 
hip, wheie the disease is located m the supeiioi 
portion of the acetabulum and the ilium, as well 
as in the joint piopei, and wheie an ihofemoial 
aithiodesis would not only have little chance of 
success, but might pioduce iiiepaiable haim 
Histoiically, it is of inteicst that, in 1931, 

Galland quoted Calve as pi edict mg that the 
time would come when the tubeiculous hip 
joint would be fused successfully by the con- 
stiuction of a buttiess on the adcluctoi side of 
the joint Cunousl}'' enough, one 3 mai latei, this 
IS exactl}’' what Tiumble succeeded in accom- 
plishing when he devised his ischiofemoial fu- 
sion opeiation The piinciple of the opeiation is 
to establish a budge of bone between the 
ischium and the femui, just below the hip joint, 
m an opeiative field wdnch is supposedlj’’ fiee 
from tuberculous contamination (Fig 1) With 
fusion of this bonj"- budge, which is piomoted by 
the action of the adductoi muscles of the thigh, 
stiain is taken awaj'^ fiom the diseased joint and 
healing of the tubei culous process is encouraged 
A description of the opeiation follows 



Lesser Scie^ic tl 


GrAft in position 


TrApKJoor 
closed 



Iscbidl Tciberosi^ Femur 


PREOPERATIVn PREPARATION 

Several daj’-s befoie the opeiation, the pa- 
tient has a one and one-half spica cast applied, 
w ith the diseased hip held in the pi oper position 
for fusion and a dummy diessmg placed ovei 
the operative field The cast is bivalved the followung day, in such a way as to peimit 
adequate exposure of the operative field w^hen the poster loi half is remove ( ig ^ ^ 

cause the anterior half must necessarily be naiiow^ed consideiably in the region of the 
groin, a steel bar should be incoi pointed m this portion of the cast foi strength Both 
halves are lined wuth stockinette and allow'ed to dry thoroughly 

The day befoie the opeiation, the affected limb is prepared for suigei} le previous 3 
constructed bivalved plaster cast is applied ovei the steiile toweling and is worn, in oidei 
to be sure that the cast is comfortable 

* Read at the Annual Meeting of The American Oithopaedic Association Colorado Springs, Color ido, 
May 18, 1949 
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Fig 1 

Schematic representation of the onginal 
Trumble opeiation (Reproduced, bj permis- 
sion, from article by H C Trumble in Aus- 
trahan and New Zealand Journal of Surgery, 
1 417, 1932 ) 
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Fia 3-C 

Graft Ins been secured in iiosition 


Fig 3-D 

Gloss section shons fixation of graft 


THE OPERATION 

With the patient lying face down in the anteiioi half of the plaster shell on the operat>- 
ing table, an incision is staited at the tip of the gieatei tiochantei and is earned down- 
t\ard and mediallj'^ to a point one inch below the gluteal fold in the mid-line (Fig 2) The 
incision IS deepened through the fascia lata to expose the tiochanteric bursa in the upper 
portion of the iiound and, a little below this, the osseous inseition of the glutaeus maxi- 
mus The latter stiucture is most easilj'^ identified by placing the finger under the fascial 
inseition of the glutaeus maximus in the uppei poition of the w ound and dissecting distall}'’ 
for a short distance, the osseous inseition can be felt leadily, attached to the posterioi 
suiface of the femur Once this has been located, it is completely isolated by passing any 
long curved instiument behind it The osseous inseition is then divided, about one-half 
inch fiom the bone, to allow’^ foi futuie sutuiing, the division is best made betw^een clamps 
so as to control bleeding 

^\^len the muscle insertion has been divided, it is quite easj’’ to elevate the remaining 
portion of the glutaeus maximus from the underlying soft pai ts b 3 '^ simpl}'' deepening the 
low'er limb of the incision Caution should be observed m doing this, how'ever, because the 
posterior femoral cutaneous neive (lesser sciatic neive) lies rather superficial^’’, as it 
emerges from beneath the glutaeus maximus m the mid-Ime, and careless or deep dissec- 
tion at the extreme low’'er end of the w’ound might mjuie it 

The whole flap, consisting of skin, subcutaneous tissue, deep fascia, and glutaeus 
maximus, is rolled upw’ard and medially, bunging into view the sciatic nene The nerve 
^>fiould be clearly identified befoie pioceedmg furthei, but it should not be dissected fiom 
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Fig 4 

Case 1 (AG), four and one-half years after Trumble operation Note the marked h}T3ertropli' 
of the tibial graft Patient is well and free from S 3 Tnptoms, the sinus has remained healed The right 
sacro-ihac joint had been fused for tuberculosis, one year prioi to the hip fusion 


its suiioundmg softcpaits, oi handled m any wa}'^ othei than to be gentlj’’ and carefiiH' 
letiacted along vnth the glutaeus maximus No attempt is made to sepaiate tliepostcnoi 
femoial cutaneous neive fiom the sciatic nerve, and both are earned on the deepsurf*w 
of the glutaeus maximus v hile it is being diavm towaid the mid-lme duiing the remain w 
of the opeiation , 

The opeiatoi then palpates the tubeiosity of the ischium and dmdes the fascia ar 
pel lost eal la5^eis oveil} mg it, to expose the bone subpeiiosteally After this has been ( o 
a measuiement is taken with a lulei oi cahpei to determine the lequired length o 
tibial graft, as follows The distance between the ischium and the lateial edge of the 
at the desired angle is noted, and to this measui ement is added an inch and a ha , " ^ 
■null lepiesent the amount of penetiation of the giaft into the ischium After 
length has been obtained, the hip nound is coveied with a steiile ton el and the i 
exposed 

B}'’ flexing the knee of the limb which is being opeiated upon, the anterior 
the tibia is bi ought into auen, and from this aiea a full-thickness coitical 
nuth an electiic saw This giaft should be the mdth of the entire 
the uppei end of the tibia Its length, as just mentioned, should be one and one- la ^ 

longei than the measuied distance between the ischial tubeiosity and the la . 

the femui , and its thickness should compiise endosteal bone fiom the graft i 

well as the hea-^j^ coitical bone lajm i\ith its peiiosteum The naiiow end o 
sharpened after lemoval, so that it may be diiven moie readilj’’ into the su s 

ischium placemen’ ’ 

The leg v ound is closed bj’- an assistant, while the opeiatoi ai ranges or ji 

the giaft A vundov oi slot is cut m the exposed coitex of the ischium, as t is l} 
blade of the osteotome should be flat against the shaft of the feraiii, so as 
the giaft Mill he in the piopei plane and fit accuiatel}" ulien dinen into 
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i the isdiuiin 'I'ho si7e of the isehuil window (usually one inch by one-quaitei of an inch) 
1 should eoiiespond to the width •ind thiekncss of the tibial giaft Aftei the wnndow has 
fheen cut, in osteotome is diiven tluough the opening to the opposite coitex and leveled 
} lip and down scieial times to faiilitate peiictiation of the giaft The shaipened end of the 
tgiaft must fit sniigh into the window of the ischium and, at the same time, its lough, 
I cancellous siuface must ho flat igainst the posteiioi suiface of the femui, at the desiied 
bangle Thegi ift thus being used as a mailvci, a block of bone is cut fiom the posteromedial 
^poition of the fcimii, aftci the ovoihnig soft paits have been excised oi letiacted out of 
f the wai The depth oi thiekncss of this block of hone is about one-half the diameter of the 
fcniui, and caie is taken not to ha\e it include the lateial femoial coitex, which should 
leinaiii intact The block is outlined with a sliaip osteotome and removed as one solid 
piece of bone, to be saved foi futuic use 

The ischium ind the fcmiii h n c thus been piepaied foi the introduction of the tibial 
graft (Fig 3-A) A slot has been cut in the ischium to leceive the sharpened end of the 
igiaft, and a moitise h is been picp iiecl in the femui, into which the blunt end of the graft 
!is to fit It lemains only to dine the giaft into the substance of the ischium to a point 
Iwhich will allow its bioad, blunt end to fit into the femoial moitise (Fig 3-B) After this 

i lias been accomplished, the latei il end of the giaft is counteisiink into the mid-poition of 
the femui , the block of bone pieviousl}’^ iemo\ed is placed on top of it (Fig 3-B, inset) and 
held seem eh by a stamlcss-stecl scicw, which penetiates the bone block, graft, and deep 
ifemoial coitex, locking them togethei (Figs 3-C and 3-D) 

After the giaft has been secuiely embedded, the leti acted gluteal-muscle flap is 
leleased and the soft paits automatically fall back into anatomical position, wnth the 



Fig 5 


Cwe 2 (M L ), three years aftei Trumble operation The first tubercSous 

an Iliofemoral arthrodesis, in January 1946 was discontinued tecause of an acut^^^ 
process with abscess in the superioi acetabular region of 'un Five “hs lat i 1 
.schiofemoral fusion was pe.f^rmed At the piesen^ 

lyl^ucmre Shfhv W 


J'ears prior to hip fusion 
on 31 A 4 


OCTOBER 1919 
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Case 3 (CD), two jears and ten months after Trumble operation The tibial graft has becoM 
h^'pertrophled, and there is solid bony union of graft and hip joint Tw'o sinuses have remained 
healed since four months before operation The patient is active and w ell 
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Fig 8 


Case 5 (W F ), tw o \ e irs and sl\ months after Trumble opeiation An error m diagnosis was made 
m 1942, ;\hen a cup nrtlirophst\ was perfoimed The operation was unsuccessful and the cup was 
removed A diagnosis of tuberculosis was established, and ihofemoial fusion was attempted m 1943 
The fusion was not successful A second attempt at iliofemoral fusion was made m 1944, this also 
failed and three sinuses developed The patient was then sent to Lakeville State Sanatorium, wheie 
a Trumble ischiofemoral arthrodesis was performed m November 1946 Note that graft has Decome 
h\'pertrophied and that tlie hip joint has fused Duiing her convalescence, a tuberculous lesion was 
discovered in the patient’s spine and a spine fusion was carried out successfully At present, she is 
active and w ell and her three tuberculous sinuses have remained healed 

sciatic nene and the posteiioi femoial cutaneous neive bung supeificial to the smooth 
cortical surface of the tibial giaft The pieviously divided glutaeus maximus inseition is 
■next sutuied, and the wound is closed in the usual way 

The posterior half of the plastei cast is then placed ovei the sterile diessings on both 
>leg and hip and is attached securely to the anterior poition, in which the patient has been 
'lying during the opeiation 

JIODIFICATIONS OF THE TRUMBLE TECHNIQUE 

i The foiegomg description of the opeiation diffeis in a few minoi respects from that 
|LOiiginally given by Trumble Foi instance, he uses a posteiior plastei shell foi exteinal 
^fixation instead of a one and one-half spica cast Also, he anchors the tibial giaft into the 
fifemur by a tiap-dooi method (Fig 1), as contrasted with the metallic sciev fixation 
"hich the authoi piefeis, because it is much simpler and more secuie (Figs 3-C and 3-D) 
iTiumble also separated the posteiioi femoral cutaneous neive from the sciatic neive and 
placed them on opposite sides of a curved tibial graft This proceduie has not been tried 
in the present series of cases, these nerves weie caiefully left undisturbed, except for 
gentle retraction undei the glutaeus maximus Moreovei, the tibial graft was a straight 
one, instead of curved 

1 Finally, the sound limb, as a lule, was selected by Tiumble to suppb’’ his tibial graft, 
'wheieas the ivritei has felt that it is unvise to involve the sound leg, unless absolutely 
fiecessary Sometimes, because of a marked decrease m size of the affected limb or the 
Presence of local disease, the sound side anil provide a healthier and larger tibial graft 
In such instances, of course, the good leg should be used 
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TABLE I 

SuMiMARi or Data in Seven Patients 





1 


Recumbenci 





Age 

Duration 


after 



Case 

Pa- 

and 

of 


Operation 

Follow 

up 

No 

tient 

Sex 

Disease 

Associated Lesions 

(Months) 

Dui ation 

Re u' 

1 

\G 

43 

2 }is , 

Tubeiculosis of light sacio-ihac 

6 

4 Ma , 

Itii 



F 

9 mos 

joint, sinus in right upper thigh 


6 mos 


2 

M L 

38 

2 vrs , 

Tuberculosis of spine, pulmonary 

6 

3 jis 

lU 1' 



F 

6 mos 

tuberculosis, lateral hip sinus 




3 

CD 

17 

3 yrs , 

Two sinuses in groin 

6 

2 jrs, 

Fupj 



F 

5 mos 



10 mos 


4 

AD 

15 

7 yrs , 

Three sinuses, — lateral portion of 

6 

2 yrs , 

Fti 



M 

5 mos 

hip, abdomen, and gioin 


7 mos 



WF 

24 

5 yrs , 

Tuberculosis of spine, thiee si- 

13 

2 yrs , 

lum 



F 

2 mos 

nuses in lateral portion of hip 


6 mos 


i 

6 

LD 

32 

3 yrs , 

Sacro-ihac and pulmonary tuber- 

8 

1 yr, 

Fuin 



M 

1 

4 mos 

culosis, three sinuses in ante- 
rior, medial, and lateral por- 
tions of thigh 


7 mos 


7 

LN 

41 

1 yr , 

Pulmonary calcaneal nodes, sinus 

1 6 

1>> 

lu 1 




7 mos 

in lateral portion of hip 



=== 


of tf' 


DISCUSSION 

Theie aie thiee oi possibly foui contra-mdications to the Trumble opeiation, " 
aie self-evident 

1 When maiked defoimity of the hip exists, lesultmg in a wide sepaiation 
ischium and femui , 

2 When active disease is piesent in the ischium oi the subtiochanteiic 

3 When diainmg sinuses aie piesent in the postenoi poition of the hip 


clislocltf 


contaminate the opeiative field 

4 Anothei possible contia-indication may be when the head of the femui is 
01 has no fii m contact with the acetabulum oi ilium , lli t 

It should be lemembeied that this opeiation is applicable only foi hip ]0' 
pieopeiativeW aie m a piopei position foi fusion and weigh t-beai mg It is ii| ’ 
pioceduie to coriect defoimitj'', but is intended only to fuse and consoh a e 
stiuctuies m the position vheie they alieady aie 1 

Duiing the time that the authoi has been employing the Tiumhle ope * 
tubeiculosis of the hip, many questions have aiisen, such as onihtie’' 

1 Can the opeiation be done at an eaily stage of the disease vhile tie 
still acute, thus pi eventing the possibility of excursion of the femoral hea or ne 

on the blade of the ilium? , sir 

2 Nov that stieptomycm is available, need one wait foi subsidence o 

toms before caiijung out this type of suigeis'’? ^ follo"’”^'' 

3 For how long a period of time is external immobilization necessar}^^^^^^^ 
Trumble opeiation? Hov much piotection is actual!}" lequiied aftei ope 
should veight-beaimg be staited? 

or noNT aMJ 
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4 Does llio (liMMsod aU'i of llio hip ioin(, pa sr, hoal oi fuse aftei this opeiation? If 
so, how loiip: does il usii div I iko^ 

5 How impoitanl is the angle a( winch the giafl is placed? Does this influence the 
lime of he ding of the tubciculous piocess? Does it affect the final result? 

6 Is hipciliophy of the iibial gi ift mainb' (he lesiilt of adductoi -muscle pull or of 
weigh(-be ning? 

These and many olhei (pieslions will be aiisweied in the couise of time, as oui expeii- 
eiicc glows Al piesenl, .ill the wiitei (an say fiom peisonal knowdedge is that, given a 
piopei selection of t ises m which (he hip disease is quiescent, and a sufficient peiiod of 
postopeiatne piolection (an a\ciagc of si\ months) in a plastei cast, the Tiumble opeia- 
tion has pio\cd moie siucessful than anj^ othei foim of e\tia-aiticulai aithiodesis of 
which he knows 

As fai as wee in tell fiom (he patients opeiated upon, not only does the giaft lemain 
alne and fuse, but the disease also (ends to heal Fusion of the joint itself evidently 
lequnes a much longci peiiod of time, and will depend laigeb" upon the extent and chaiac- 
tei of the diseise piotess 

Fiom oui expel lence with this opeiation, it does not seem to be of vital impoitance 
whethei the giaft is plated at i light angle to the shaft of the femui oi moie m line with 
its weight-beaiing foice No one lule has been followed in the placement of oui giafts as 
far as angulation is conceined, and 3'ct all have liealed well and all have become h3^pei- 
tiopliied Theoieticall3’', those giafts which aie placed moie in the line of w'eight-beaimg 
should become h3'peiti opined to a gieatei dcgiee, at least until healing of the disease 
takes place Neveitheless, we find that giaft h3'peitiophy takes place in some instances 
before any w^eight-beaiing is started 



Fig 9 


Case 6 (LD ), one year and seven months aftei Trumble operation F 

tibial graft One jeai aftei opeiation, the patient fell dov nstairs and fractuied the tibia and fibula 
of his affected leg, wnthout distuibmg the ischiofemoial giaft He is nov aotwe an^d veil and a 1 
three sinuses have remained closed His right sacro-iliac loint h id been fused three i ears before tlu 
hip fusion 
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Fig 10 

Case 7 (E N ), one year after Trumble operation Note presence of tuberci^ous <^sease m greajr 
trochanter as avell as m acetabulum This was present before operation The graft lias ueco 
hipertrophied to a greater extent at the ischial end, but seems to be solid also at tlie lem 
attachment Clinically, fusion is solid and the hip is painless 


In all probability, this is due to adductor-muscle pull Could it not be, then, a 
tibial giaft IS influenced by both foices, and that eaily hypeitioph}’’ of the gra is 
adductoi influence and late hypeitiophy to weight-bearing'? 

If neithei tibia is suitable for supplying a bone giaft, eithei because o oca i 
some othei cause, it is quite easy to retract the thigh muscles of the operative up ^ ^ 
and to take a graft from the femur, just distal to the piepared mortise le 
done this successfully m a patient whose prepared tibia was undeidevelope an , 
fore, not suitable as a donor site 


SUMMARY „ 

Thu teen patients with tubeiculosis of the hip joint have been tieated at tl 
State Sanatorium, by the Tiumble opeiation Of these, seven had then 
than one year ago and have solid bony fusion (Table I) The lemam er a^^ 
treated sufficiently long for a final end lesult All of the patients aie "^failure=2'^ 
and the outlook for successful fusion is evcellent So fai, there have een no 

only two complications t r the window m 

One complication conceined a tibial giaft which slipped out o qi- m mes"''''' 
ischium, because the graft had been cut too shoit This was a technica of gf*'" 

ment, and the giaft did not penetrate into the substance of the ischium ^ replace i' 
length, taken two weeks aftei opeiation from the opposite tibia, of thet - 

dislocated one Instead of discaidmg the shoit graft, it was put into e of 

from which the longei graft had just been removed Healing progresse 

the second operation ‘ 

The second complication had to do with a small pressure ar ^ 

fibula, produced by the plaster leg cast, which caused a transient began t'*' 

was cut in the cast to relieve this pressure, and the signs or para y 
appear Full recovery resulted 
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KopnlgcnoRi 'ims of llio sc\cn palionls \\hosr opoidtions weie perfoimed a j'^ear oi 
moic igo aic sIioami (Figs 4 to 10, inchisnp) 

CONCLUSION 

hilc the sin ill miinbci of cases lepoitcd in this papei do not waiiant any infallible 
conclusions, and (he icpoit should be considcied pichminaiy, yet the writei is convinced 
that the Tiumblc type of ischiofemoial aithiodesis is the best foim of e\ti a-ai ticular 
fusion foi the hip joint that has A'et been devised In his opinion, it should be used more 
extensively 

Notl Since the presentation of this p uiei, Once additional cases have been followed up at apenod of 
one icar after operition Ml show solid, honi fusion making a total of ten successful cases to date 

III rriiLNC I s 

Gcllaxd, M Proc VP'"'' Congres Intel nat dc Th dassoth6rnpie, Berck, 1931 

ThumbIiL, H C a iMeOiod of Fi\ ilion of the IIip Joint bj' Means of an Evtraarticular Bone Graft Aus- 
tralian and New Zciland J Suig , 1 413-420, 1932 

Fixation of the Hip-Joint bi Means of an Extra- Articular Bone Graft Late Results 
British T Surg , 24 72S-732, 1937 


A TECHNIQUE FOR ARTHRODESIS OF THE HIP JOINT* 

Bi ALAN Deforest smith, m d , and orren d baab, m d , new xork, n x 
From the Climc of the Nno York Orthopaedic Hospital 

Arthrodesis frequently is difficult to accomplish in osteo-aithritic hips The bone is 
sclerotic and relatively avascular, and the capsule and synovial membrane usually are 
thickened and fibrotic The patients often are obese, and effectiv^e immobilization in a 
plaster spica is difficult or impossible Theiefoie, inteinal fixation by some form of metal 
has been found advantageous in these operations A method of diiving multiple square 
nails from the ilium into the femoral head and neck has been evolved, this method has 
been successful in a small senes of cases, and it is believed that it offers certain advantages 
m some of these operations 

* Read at the Annual Meeting of The American Orthopaedic Association, Colorado Springs, Colorado, 
^lay 18, 1949 
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The method was fir' 
used in a modified form m 
1943, m an operation on an 
obese woman, fifty-two leir 
old, who ivas to have hfd 
fusion of the left hip beeau'e 
of painful osteo-arthritis Tht 
joint was exposed by a Smith 
Peteisen incision and tliem 
tention was to use an iliar 
giaft, after lemoval of fht 
cartilage from the superior 
portion of the head and ac^ 
tabulum Befoie this could he 
done, however, the patient'^ 
condition became bad, and it 
was deemed wise to terminate 
the operation as soon as po 
sible A wide osteophytic lip 
protruded fiom the upper 
margin ofi the acetabulum 
and Robeit J Neville, who 
was assisting, suggested that 
two square nails be driicn 
thi ough this, into the femoral 
head This was quickly done 
and, after closure of the m 
cision, the patient wns re- 
turned to bed without am 
form of external fixation beia? 
applied At the end of twehe 
weeks, the fusion appeared* t® 
be solid enough to permit hei getting up The fusion has remained firm and the pam 



Fig 1 

Exposuie of hip joint The quadiiceps js detached from the antenoi 
infenor spine of the ilium, and not at the point indicated 


her hip has been leheved 

The success in this case suggested fuithei use of the method The technique has 
modified, honevei The capsule of the hip is exposed as widely as possible throug^^^^ 
Smith-Peteisen incision (Fig 1), as for a cup arthroplasty Care is taken to 
oveiljung gluteal and psoas muscles as tvidely as possible from the capsule, 
and anteio-infeiioi portions of the capsule aie completely excised This is consi e 
important step in the operation Not only does it afford an excellent exposure oi ^ 
but it achieves diiect contact of vascular muscles with the area in which bony 


sought, in place of the thick, fibious, relatively avascular capsule ^ 

The femoial head is then dislocated, and the remnants of articulai 
moved from the head and the acetabulum No attempt is made, however, to 
the sclerotic bone Good contact should be letained between the head and ace^^ 
and, if much bone veie removed, this would not be possible Numerous 
in the head and surface of the acetabulum, in order to facilitate the grov 


vessels into the aiea The head is then replaced gas a'-'' 

In exposing the joint, the lectns and psoas muscles aie separated jj. 

iliacus aie carefully stripped from the innei surface of the ilium, the ,n t' 

anterior portion of the acetabulum thus being easily exposed The hip is p 

THE JOUK^AL OF BOXE AXD JO 




AUrilUODl SIS OF IIIE HIP JOINT 


729 


closncfl position —HMHilh .ihoul 2'5 dpgicos of (lo\ion, neiitial lotation, and little oi no 
abduction Two sqiiaie Vit'illuim oi stainlcss-stpcl nails with flat, rounded heads are 
drnen fiom within the pelvis thiough the acetabulum, into the head and neck of the 
femui One of the nails should be long enough (about thiee and one-half inches) to trav- 
el se the gic-itei p'lit of the neck It is bettei to intioduce the nails in slightly different 
diiections, so tbit they aie not paiallel If theie is an osteophytic hp on the supeiior 
iim of the acetabulum, as often is the case (Fig 2-A), a similai but shorter nail is diiven 
downwaid thiough it, to tiansfix the head in a veitical dnection Thus three nails tiaveise 
the ilium and femui in diffcient planes, so that fixation of the head is very fiim (Figs 
2-B and 2-C) 

Closiiie of the muscles ovei the ilium is gieatly facilitated by lemoving a strip of 
bone, an inch oi so in thickness, fiom the iliac ciest Some of this bone can be used to 
good adiantage is picking aiound the maigin of the acetabulum No effort is made to 
place bone inside tbe acetabulum, because this would disturb the even contact which has 
been obtained between it and the head 

The ■wound is then closed in la 3 "eis A plastei spica may be applied oi not, as seems 
fit In sei eial of the authois’ cases it w as omitted, and it is believed that it wmuld be safe 
to do so m most instances The peiiod duimg which the patient is kept m bed has vaiied 
from two or thiee to twelve weeks Eailj”- ambulation should be possible in an increasing 
number of cases 

The technique has been designed especiallj' foi osteo-arthritic hips It has been 
used in othei conditions, such as aitluitis following congenital dislocation oi subluxa- 
tion, and suppuiative aithiitis It is not lecommended m cases of tuberculosis, or when 
theie IS likelihood of a pj'ogenic infection becoming leactivated In some cases the tech- 
nique has been modified bj’' the use of two instead of three nails, and by introducing all 
of them into the peh is fiom without Although this has succeeded m a few cases, it is not 
considered as good as the method described heie The nails driven from wuthin have a 
firm hold on the ilium, even though they penetiate its thinnest portion, which is not 
true of those which aie diiven in fiom without 

Up to Novembei 30, 1948, fouiteen patients, eight females and six males, weie oper- 
ated upon by the technique described Their ages varied fiom ten to sixty-four yeais, the 
average age of the males being foi t 3 '--nine, and that of the females thirty-six and one-half 
3^ears Fusion lesulted in tw^elve cases In tw'o, solid union failed to develop aftei seven 
months, and the results must be classed as failures One of these patients had had twm 
previous attempts at aithiodesis by other methods, there was a large amount of scar 
tissue aiound the joint, and the bones weie very sclerotic In the other case, with aseptic 
necrosis of the femoial head following fractuie, the mistake w^as made of removing too 
much bone from the femoi al head and acetabulum, thereby diminishing the area of contact 
In five other cases twm oi more nails weie used, but otherwuse the technique vaiied 
considerably fiom that desciibed, making these cases unsuitable foi inclusion m the 
series Solid fusion wms achieved in four In the one failure in this group, the caitilage 
was removed only fiom the uppei poition of the head and acetabulum A bone graft was 
placed along the uppei surface of the neck and head, penetrating the acetabulum, but 
ivithout fixation in the ilium W^hen a second opeiation was done on this patient, it was 
found that one of the intrapelvic nails had become loose and had protiuded a slight 
distance into the pelvis It wms removed wuthout undue difficulty 

In twm patients in the series of fouiteen, pulmonar3'^ infarction developed after op- 
, eration, presumably from thrombophlebitis Both patients recovered Philip Wilson 
noted several cases of thrombophlebitis after hip-fusion operations in w'hich a Smith- 
' Petersen nail had been driven thiough the head and neck of the femur from inside the 
ihum, and suggested that the separation of the iliacus muscle from the inside of the pelvis 
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might piedispose to this condition In oui expeiience, howevei, this has not happen 
aftei aithioplasties, in which the iliacus is similail5^ elevated fiom the pehis 


DISCUSSION 


Dr Carl E Badglet, Ann Arbor, Michigan It is a great privilege to have the opportunit} to (]ki 
these tv o excellent papers We have here the problems Dr Smith has brought up, of extra-orticuhr fu 
for osteo-arthritis and for tuberculosis, and of mtra-articular fusion for osteo-arthritis 

I must confess a complete ignorance of the Trumble procedure As far as I am concerned, thu won 
be known as the Van Gorder operation However, it is based on the principles that Brittain utilized Ilea 
familiar vuth the results of the Brittain operation Dr Van Gorder’s operative technique has been beautiful 
presented bj^ the motion picture Techmcalhq it surpasses the Brittain procedure, and it is one that wew 
all readily adopt, whereas I have been hesitant to adopt the Brittain procedure, with its method of bli 
insertion of the graft I think the visualization of the fragments, made possible, will be emploj'Cd notonli f 
the procedure that v e have seen today, but for a number of other conditions I have utilized a similar a; 
proach for subtrochanteric fractures, the glutaeus maximus attachment to the Imea aspera being u«c(i a' 
guide to the displaced lov er fragment of the femur, v ithout any muscle bemg traversed or sectioned I h.v 
been able to get complete reduction ver}'' readily m a badly displaced fracture 

I can see v here Bnttain’s type of complete osteotomy maj"^ be utilized by Dr Van Gorder in cases wbo 
there are deformities of the hip In his paper he emphasized that the Trumble operation is not applicable i 
case of deformity Only when there is proper position can you utilize his operation However, I can conceii 
of doing a transverse osteotomy by his approach, correctmg the deformity, and utilizing a graft ver) mui 
akin to Bnttain’s method, by this surgical approach that Dr Van Gorder has presented 

I have been verj’’ much impressed with the similanty of the roentgen appearance of the hip joint fo 
loving Bnttam’s procedure and Dr Van Gorder’s procedure The head of the femur and the trochanter hsv 
undergone marked osteoporosis m all Dr Van Gorder’s cases, showing somethmg that I think is most k 
portant in the consideration of the value of the extra-articular operative procedure over the intra nrticuh 
procedure m tuberculosis of the hip There is obvious evidence, by the marked atrophy which has occum 
m the structures above the graft, that the graft immediately relieves all pressure and all v eight beannji 
the hip jomt itself The architectural prmciple, as Brittain has called it, of the dome taking the stre s s' 
strain o\ er onto the ischium, must be of great value in the healing of the tuberculous process 

The surgeon need not fear operative exposure of a tuberculous joint any more in the hip than he dec! t 
the knee We developed a relatively simple operative procedure m 1929 for tuberculosis of the hip ^ ^ rew 
the crest of the ilium, split the anterior part of the ilium to the acetabulum and open it up widely like a ^ 
then turn the excised fragment of the v'hole cortex of the ilium about 180 degrees The proxima 
becomes the distal portion, so that the natural curve of the iliac crest allows it to fit into a prepare 
the intertrochanteric region and head and neck of the femur, then it is thrust into the leaves of 
ilium and held securely^ in position by the automatic compression of the separated iliac halves 
an intra-articular removal of cartilage in disease v ithout dislocating the hip However, ve have a 
for a penod v hen the lesion v as qmescent and, for many cases, this was a number of j^ears It seem ^ 
that Dr Van Gorder’s operation could be done without the long period of waiting which we 
our cases 

Incidentally, the results of our arthrodeses m tuberculosis and the results reported by Dr 
m a previous paper on tuberculosis were 66 per cent The results of those reported by Dr \ an 
] 00 per cent So I must say I am a convei t to the principle of extra-articular fusion by^ Van or 
in tuberculosis of the hip, and possibly in many^ othei conditions, w hen you do not w ant to ru 
of lighting up the infection 

I am sorry time does not peimit discussion of Di Smith’s papei 


Dr Alberto Inclan, Havana, Cuba Fusion of the hip is frequently discussed, due o 
none of the numerous operations devised for this purpose is entirely satisfactory 

The papers presented by Dr Van Gorder and Dr Alan Snuth are proof of the opcrstiw ' 

Dr Van Gorder has offered the results of his experience with the revival of a htt ^ ^ j 

extra-articular hip fusion,— namely, Trumble’s ischiofemoral arthrodesis, while Dr („i‘ 

new techmque for intra-articular fusion of the hip, involving intrapelvic nailing o 
head of the femur the P'’ 

In reference to Dr Van Goraer’s paper, ischiofemoral arthrodesis, with a bone gra jlaragl'®'^"' ^ 

tween ischium and femur, was used long before Trumble published his first paper in proceduF 

leported this technique m 1919 The Trumble operation appears to be a much more e ® ^ Incl''’ 

Bnttam’s techmque for ischiofemoral fusion The latter procedure has been emp oye 
on my Service for the past two and one-half years, in cluldren, adolescents, an a “ ,^- 3 ^ msl 

In the copy' of Dr Van Gorder’s paper, w hich he kindly forwarded to me, no s 
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(.Lrmug (lie igcs of th(! \finous ji i(ini(s opoi itui upon Tins wi coiisiclci of impoi tance, since the percentage 
of fusions ol)t uiipd is considorablj lowoi in cliildion, itgaidhss of the technique used We have also found 
thal proper placement of (he ginft obliqiiclj fiom bclou iipuard, and internal displacement of the femoral 
shaft, shortening of the gap betwcLii fcmui and iscluum, and suppiessmg the sheering effect of weight- 
bearing, are conducive to solid fusion, uith sccoiuhiy liypcrtrophy of the graft We have employed Bnt- 
tam’s technique, with certain modifications, in si\(cin cases Although favorably impressed by it, we feel 
that we need more cisis and i longei follow-up peiiod befoic rendering any conclusions However,’ we con- 
sider Brittain’s technique inofiiable to Triimblc’s, because of its simplicity and the fact that a medial dis- 
placement of the weight-be iriiig line occiiis, due to the inteinal shifting of the femoral shaft At the present 
time we consider it the opeiation of choice foi the c\tia-aiticular fusion of tuberculous hips 

In discussing Di Alan Smith’s papir on iiitia-aiticular fusion of the hip for osteo-arthntis and similar 
conditions, I congratulate him on being able to nail tiiose hips from within the pelvis It seems to me a major 
procedure, involving cxtensirc dis'-ection of articular and periarticulai tissues The reflection of the iliacus 
muscle mar evplain (he relativelj high incidence of thrombophlebitis which he has reported 

In the typo of case described by Di Smith, wc have been employing a combined surgical procedure, 
securing fixation bj a long Smith-Petcrsen nail diivcn through the neck and head of the femur high into the 
ilium (ns adrocated bj Watson- Tones), and depending foi fusion on a sliding graft, taken from the outer 
cortex of the ilium, and placed between the ilium and the greater troclianter 

A Vitalhum screw holds the end of tlic graft fiimlj in apposition mth the raw surface of the iliac bone, 
just proximal to the rim of the acetabulum The aiticular capsule may be excised, and the graft placed in 
direct contact w itli the freshened sujicrior sui face of the head and neck of the femur This technique has given 
satisfactorj results in the limited number of cases in which wc have employed it No postoperative plaster- 
cast immobilization is utilized, and the patients may be up m w heelchairs a week followang operation and may 
walk on crutches four weeks afterward 

I congratulate the authors for their excellent contributions to the solution of the difficult problem of hip 
fusion 

Dr Van Gordfr (closing) I want to thank Dr BadgleyandDr IncMn for their kind criticisms of my 
paper, and to make one correction regarding the chronology of the Trumble operation 

It IS not a more recent operation than the Brittain procedure, as was implied by Dr Badgley, but was 
performed nine j cars before the Brittain operation In fact, Brittam himself stated in his book (Architectural 
Principles in Arthrodesis, Baltimore, Williams and Wilkins Co , 1942) that his hip operation was based on 
the “ingemous isehiofemoral arthrodesis” of Trumble 

The Trumble operation differs fom the Brittain operation, how'ever, m two important respects (1) The 
femur is not osteotomized and (2) the operation is not blind 

If the Trumble operation is successful in fusmg the hip, as it appears to be, the thought must surely 
arise Wh} is it necessary or w isc to go to the trouble and danger of fracturing the patient’s femur m order to 
establish a bonj ridge between the ischium and the femur, when this same end can be accomplished much 
more accurately, much more safely, and with much less trauma by the operation here described? 

The extent of trauma associated with the Brittain procedure apparently varies considerably, as is natural 
in any blind procedure For instance, Brittain quotes MeMurray as stating that there is more shock after the 
Brittain operation than after any other method of arthrodesis Although Brittain himself states that just the 
opposite IS true, nevertheless he has written (J Bone and Joint Surg , 30-B 642-650, Nov 1948) Some ooz- 
ing alwaj s takes place, and sometimes it may appear alarmmg If the anterior pelxuc brim is traversed, the 
obturator artery may be divided In addition, one may divide branches of the lateral femoral circumflex 
arterj takmg pait in the digital anastomosis, and there may be muscular oozing from dividing the iliopsoas 
and small muscle like the piriformis and obturators None of this haemorrhage is serious, wnth the possible 
exception of that from the obturator arteiy m a debilitated patient There is no doubt that oozmg does take 
place and that it goes on after operation, so that it is wise to have blood transfusions readily available If 
one adds to the arteries mentioned above that may be divided, the external iliac, w hich is know n to have been 
perforated while this operation w'as performed, then the danger of working in the dark amid important struc- 
tures, including the sciatic nerve, is all the more impressive 

One IS forced to question seriously, therefore, the advisability or the justification of carrying out an 
ischiofemoral fusion of the hip blindly, when a successful open procedure is available 
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SLIPPING OF THE UPPER FEMORAL EPIPHYSIS * 

BY M BECKETT HOWORTH, M D , NEW YORK, N 


From the Kew York Orthopaedic Hospital, New York City 

A studj’- of se^ent 3 ^ cases of slipping of the upper femoial epiphj’-sis from the 
York Orthopaedic Hospital iias piesented m 1931^ Si\ty-ti\o additional cases, a toi 
of 132, were piesented in 1941 - Fiom 1941 until Januaiy 1947, 111 additional casc'luit 
been treated, a total of 243 A caieful and complete analysis of these cases forms the bi' 
foi the following lepoit 


PATHOLOGICAL FINDINGS 


One bundled and sixty-nme hips ueie opeiated upon in vaiious stages of the di'ca-f 
and gross and naicroscopic studies of the pathological tissue were made Sections from ll 
s 3 monal membiane, the peiiosteum and bone of the pioximal portion of the neck tl, 
epiph 3 ^seal disc, and the femoial head weie studied 

In the pieshpping stage, giossl 3 ’’ the s 3 mo^^al membiane is swollen, oedematous anl 
h 3 ’'peiaemic, and theie is villous foimation Similai, but mildei, changes occur in tb 
peiiosteum and capsule No gioss changes aie seen in the head or acetabulum Micro- 
scopic sections of the s 3 '’novial membiane disclose oedema and h 3 ’'peivascularit 3 ', usmlb 
vith pemasculai l 3 "mphoc 3 dic infiltiation, scatteied plasma cells and v andering cell 
and I ilh Decalcification and h 3 '’pei vasculaiit 3 ’’ aie piesent at the junction of the neck an! 
the epiph 3 ^seal disc 

In the slipping stage, the epiph 3 '-sis is displaced downvaid and backiiaid in relatic 
to the femoial neck Usuall 3 ’’ the epiph 3 ''sis lotates into a vaius position at the sametimf 
but a valgus defoimit 3 ^ vas piesent in thiee hips The slipping ma 3 ^ be sudden orgrania 
and often it occuis seveial times in succession The epiphysis nevei becomes compcf' 
sepal ated fiom the neck, but lemains attached b 3 ’’ peiiosteum and fibrous tissue, " 
grov ovei the exposed portion of the neck as the slipping occuis This new tissue nia' ^ 
recognized b 3 ^ its bluish coloi, its softness and looseness, and the fiequent presence o 
islands of baie bone The caitilaginous epiph 3 ^seal disc lemains attached to the ea , 

IS giaduallv absoibed and tiansfoimed into bone Callus lapidly foims in the 
tveen the head and neck infeiioih^ and posteiioil 3 '’, but is coveied b 3 '^ a fol 
plastic and ledimdant s 3 movial membiane The aiticulai caitilage of the hea an^^^^ 
tabulum lemains noimal in appeaiance Theie is iaiel 3 '^ hemoiihage into the join 
there has been violent manipulation Micioscopicall3'’, the soft-tissue changes arc^^ 
to those seen in the pieshpping stage Theie is separation between the epiphj^sea ( 
the neck, inth degeneiative changes in the disc caitilage and evidence of repai 
junction 

In the healing stage, the medial maigin of the neck, exposed anteiioily an 
b 3 ’' the slipping, giaduallv becomes lounded, in addition, the callus 
mcorpoiated inth the neck, thus changing the contouis of the neck F 

IS giaduall3" absoibed, and bony union occuis between the epiph3^sis and 
S3moMal membiane and peiiosteum become less vasculai and oedematous, 
and inelastic The inflammatoi 3 ^ piocess usualb”- subsides after several 
taneous union of the epiph 3 ’^sis ma 3 ’' lequire two oi three years If the hea 
rated from the neck in the couise of tieatment, degeneiative changes in 

tedtotlif'" 

In the lesidual stage, the lesion is healed and the epiph 3 '^sis is sob 3 -pel!'' 


* Portion of papei lead at the Jomt Meeting of The Ameiican Oithopae^c jyneS, 1*’* 
Orthopaedic Association, and The Canadian Orthopaedic Association, Quebec, ana > 
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Fig 1 

Section of sj novi il mcmbi'inc (X 50), taken at operation foi pegging an epiphysis m the pieshpping 
stage Oedema, Inpeivasculanti, villous formation, and a fei\ plasma cells and small lymphocytes are 
aasible 
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Fig 3-A 

Sectic^i taken from right epiphj'seal plate (X 38), at operation for pegging an epiph3'sis m the [ire 
slipping st ige Shoi\ s degeneration and necrosis of fibrous tissue and cartilage 
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Fig 4-^ 

Section of sjnoM il membrane (X 100), taken at operation for open reduction of slipped epiphysis 
Villi are present \\ith focal ljmphoc\tic infiltration, oedema, and hj-pervascularity 



Fig 4-B 

Section of epiphjseal plate of same hip (X 38) Process of degeneration and repyr can 
junction of plate with femoral neck, a mass of ^oung caitilage cells is growing into a deiec 
cent bone 
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m the displaced position The callus has become matuie bone, indistinguishable fromit 
neck itself, and the contours of the neck aie smoother The synovial membiane, the per 
osteum, and the capsule aie scleiotic and inelastic Osteo-aithntic changes develop if tk -■ 
IS deformit}^ because of the faulty joint mechanics, especially if the joint is subject e- 
strenuous activit}’- oi if theie has been much damage to the cnculation Osteopln tic pri>- 
duction is often seen at the maigin of the head and at the margin of the acetabulum 

TREATMENT 

Ihe lesults of the tieatment foi slipping of the uppei femoial epiphj'sis should I* 



Pig 5-A 

C , a bo\, aged tlmteen yeais, had had pain and limp for one month A bilateral 
was done in the preshppmg stage An excellent clinical and roentgenogiaphic result Mas oota a , 
no degenerative changes,— the usual lesult after this opeiation , 

On INIaj 27, 1941, the epiphjseal lines weie wide and iriegular, Mith decalcification on tiie 
The capsules m ere sv ollen 



PPtrcing operation 

June 3, 1941 In lateral vien s, verj slight posterioi displacement is seen 
Mas done June 9, on right, October 20 
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Fia 5-C 


Roentgenogrim of right hip ( ikcn Oclobei 25, five clajb aftei opeiation, that of left hip taken August 
11, nine veel^ after operation 



Fia 5-D 

In lateral vieivs taken on December 15, the epiphyseal lines had healed and vere closing The pegs 
vere beginning to become absorbed The heads and necks appealed j 


Strictly evaluated in terms of the noimal hip as to symptoms, signs, and loentpnographu 
appeal ance The lesion always heals spontaneously, and tieatment is of no value tin ess i 
produces a bettei lesult than would have been accomplished by natuie Too many repor s 
of the lesults of treatment of this disease have failed to take these facts into considera ion 
The results m many cases which had no tieatment have been better than those m simi ar 

cases after operation 


No Theiapy 

Although the lesion alvays heals, fiom one to thiee years aie usually required and 
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theie IS the nsk of consideiable slipping, ^^^th defoimit}^ and its accompanying siniptor 
and e^entllall3^ osteo-aithiitis Hon ever, after healing, the sj'^mptoms and signs prodiia 
by the defoimity are often found to be only slight and the disability negligible imt 
osteo-aithiitis develops in middle life 

Endoenne Tlwapy 

Thjioid has no appieciable effect on the lesion, and should be used onl} if tiicro' 
definite h3'-poth3uoidism Healing of the lesion and closuie of all the epiphyses nro f 
hastened b3’^ the administiation of gonadal hoimones, but limitation of giowth md ' 
telescoping of adolescence vill lesult, vith the possibiht3’- of disastious psychologit ' 
effects 

Bed Rest 

The disease heals as a result of lest m bed^ but many months may^ be leguired Tb 
authoi has seen slipping occui aftei six months of bed rest Slipping occuried in oneboi 
hip vhen he viestled vith his biother, while in bed Bed lest or the avoidance of I'cigb 
healing must be continued until the lesion is completely healed After all pain and ?pi " 
have subsided, dutches may be used until the condition has fully healed, if the child 
be tiusted to avoid veight-beaiing An ankle sling attached to a Sam Broirae type of hli 
mav be used foi suspending the leg, as in coxa plana, but the child vath slipping of tl 
epiphvsis IS often so laige and the leg is so heav3'- that this method may not be practin' 

Cast 01 Biace 

Immobilization in a plastei cast oi a biace is followed b3" lelief of pain and ‘■par' 
and eventual healing of the lesion, but the period of healing may be seveial monib ( 
even tvo oi thiee 3"eais, and theie is consideiable lesidual limitation of motion Ifabr^!^ 
IS used, it should be of the non-weight-beaiing t3’’pe, with the affected extiemity suspend^ 
in the biace and a built-up shoe woin on the opposite side, and it should be lemoveddiil 
foi actn e motion w ith the leg suppoi ted E\ei cises m the pool oi tank mav be given li!f 



Fig 5-E 

On Januarj 12, 1912, seven months aftei operation on left Inp and tlnet 
right lup, the epiphyseal lines had closed and the pegs ^^elt being absorbed 
health}^ 
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Fig 5-G 

Bj Januarj" 3, 1946, four and one-half yeais after operation, the epiph 3 "seal lines had been obliterated 
and the pegs had been absorbed The heads and necks appeared healthj-- At this time displacement n as 
negligible and there m ere no sjTOptoms The index of motion w as 95 


Pegging Opeiation 

The ideal tieatment is to pi event slipping of the epiphysis and to hasten healing of 
the disease by the method which is simplest, safest, and quickest For this purpose we 
have used, since 1930, an operation for inserting bone pegs across the epiplij'^seal plate The 
operation may also be used after slipping has occurred The hip joint is exposed anteriorh 
by a Smith-Petei sen incision, and the capsule is incised close to and parallel truth the 
rectus tendon This exposes the junction of the head and neck, and the pathological con- 
dition can easily be studied Much more of this area can be seen if the hip is moved slottlt 
in various directions 
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Fig G-C 

April 19, 1915 Seven months after ojieration, the epipluseil line and pegs vere nearly obliterated 
The head and neck \\ ere healthy 

Three jears after operation, there was no furthei displacement, there were no symptoms, and the 
inde\ of motion w as 100 

With an osteotome, a tiiangulai fenestration is made m the neck antenoily, close to 
its junction with the head Thiough this opening, thiee holes aie dulled wnth a Nicola 
gouge m tnpedal fashion, thiough the epipliji-seal plate into the head If there is posterior 
dipping, it IS easier to di ill the holes It is impoi tant that the position of the head be clearly 
visualized and that the holes be drilled in the proper directions and to the proper depths 
fn three hips the operation failed because the fenestiation w'as not close to the head, and 
the holes and pegs did not leach the epiphyseal disc Thiee pegs are cut from the anterioi 
portion of the wing of the ilium, each about one and one-half inches long and three-six- 
teenths of an inch m diameter, and mseited into the drill holes It is impoitant that the 
pegs not be fractuied m the piocess of removal, as a fractured peg is more likely to be 
absorbed, failure in one case appaiently resulted from this cause After the pegs have been 
inserted, the fenestration is coveied wnth a small piece of muscle to prevent bleeding and 
to favor smooth healing The wound is sutuied anatomically, and a flannel oi elastic- 
bandage spica IS applied 

The extremity ma5’’ be suspended and light ti action ma}'^ be used foi a few^ days, oi a 
plastei boot may be applied with a crossbar to hold the hip in slight internal lotation, 
sspecially if there is slipping and a tendency to external lotation The position of the pegs 
IS checked by loentgenogiams Active motion with suppoit is begun a day oi two aftei the 
operation, and, in two oi three weeks, motion has usually returned to the preoperative 
lange Walking is begun eight to tw^elve w^eeks aftei opeiation, with crutches for the first 
Week or twm, w^hen the roentgenograms reveal healing of the lesion and beginning union 
of the epiphysis Full activity, including spoits, maj'' be lesumed foui months after opera- 
tion There is usually solid union of the epiph3''sis within six months after the operation, 
and complete closure of the epiph3'’seal line wathm a year This premature union of the 
epiphysis raiety lesults in moie than one-fourth inch of shoitenmg at this age period, and 
the shortening is usually negligible The lange of motion m the hip is essentiallj'^ normal 
if theie has been no slip, and theie is no disability foi anj’’ activity, including athletics 
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Fig 7-A 

H , a girl, aged eleven j^ears, had had symptoms for six months The peggmg operation was done for 
moderate displacement A good climcal and roentgenographic result was obtamed despite the disphce- 
ment, there were no degenerative changes This is the usual result after this operation, and is far belter 
than would have been obtained by open reduction or osteotomy of the neck 

Fig 7-A March 20, 1946 The epiphyseal Ime w'as irregular, w ith a wide zone of irregular decalcinea 
tion of the distal side There was posterior displacement of one-half inch, with mature callus in the in 
ferior angle between the head and neck 

On April 1 1 the pegging operation w as done 



no /-la ^ (LeF^ 

September 10 Five months after operation, the epiphj'seal line had healed and was 
were being absorbed The head was healthj , the proximal end of the neck was recalciiji t 
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Fig 7-C 

In Januan 1919, almost three iiears after operation, the epiphyseal line and pegs were obliterated, 
the neck had recalcificd, and the he id and neck were hcilthy There was no further displacement 


We have Ubed the pegging opeiation on 134 hips, 120 cases weie unilateral, and seven 
Mere bilateial The youngest patient, a giil, was eight yeais old, the oldest, a boy, was 
seventeen The opeiation was done in the pieslipping stage on tw^enty-nme hips, after 
slipping had begun, on 102 Tlie greatest amount of slipping w'as three-quarters of an inch 
The first of these opeiations was done m 1930, the last in this senes, in December 1946 
The follow-up period ranged fiom one to seventeen yeais, wnth an aveiage of seven years 
Drilling alone, without pegs, was used m three of the hips The epiphysis slipped in one of 
these, nine months latei, and an open reduction w'as done, healing of the other two w'as 
quite slow and w'as not influenced bj”^ the diillmg 

One failure resulted from absoiption of the pegs, eithei because they w^ere fractured 
in being removed fiom the ilium oi because the}'^ w'ere too small, the operation was re- 
peated successfull}'^ Three othei failuies occuired because the pegs did not reach the 
epiphj'seal plate, the operations weie repeated, wuth success In no case did slipping 
occur after the pegging opei ation The lesion ahvays healed within three months, and the 
epiphyseal plate began to close shortly aftei w^ard The clinical results have been excellent, 
with no pain, limp, or disability, even after strenuous athletics The lange of motion has 
been essentially normal if no slipping occuried Internal rotation and sometimes flexion 
and abduction w'ere piopoitionatelj'' limited if there w'as slipping The shoitening due to 
closure of the epiphyseal plate w^as negligible There w^ere no deaths and no deep w^ound 
infections No aithiitic lipping developed in the hips in w'hich little oi no slipping took 
place < 

N ailing the Epiphysis 

We have nailed the epiphysis with a Smith-Peteisen nail, and have seen the results 
of nailing in several other series of cases The nailing operation is simpler than the pegging 
operation (particularly for the suigeon w^ho is accustomed to using the nail for fracture of 
the neck of the femur), largely because the approach is simpler How^ever, the danger o 
damage to the hip is greater, especially if the nail has to be driven in more than once if it 
IS driven too far, or if it does not remain w^holly within the neck m its course to the head 
Degenerative changes in the head and even m the acetabulum have occurred in many of 
the hips in which nailing was done, wheieas no such changes were seen after pegging 
Moieovei, while a well-placed nail wall prevent slipping of the epiphj^sis and wall favor 
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e\entual healing of the lesion and closuie of the epiphyseal plate, the nail does not slimii 
late bone formation as do the pegs, and healing is slonei Early eight-bearing is some- 
times possible nhen the nail is used and, although the immediate lesult may be good, tlio 
e\ entual lesult is less satisfactoij^ Wiies maj'- be used instead of the nail, nith less likcli 
hood of damage to the ciiculation at the hip oi to the joint, but with a less stable fixation 
and no moie lapid healing 


Reduction by Manipulation 

We have attempted closed i eduction m txventy-eight cases by forceful abduction and 
inteinal rotation These hips were immobilized in plastei in abduction and inteinal rotn 
tion, and, while in this position, appealed to have at least partial reduction Howeicr, 
XX hen the casts xxere lemoved and propei roentgenograms xx^ere taken, it was found that 
complete i eduction had been obtained in only txvo cases, paitial i eduction in four, and 
none m the remainder Reduction failed because theie xx^as no xx^ay to hold the head and 
because of the i esistance of the callus in the infei lor angle There xx'^as little oi no callus and 
little displacement of the hips xxnth a partially successful reduction 

The folloxx-up peiiod ranged from one to ten years, averaging 4 5 years Moderate 
permanent limitation of motion xx'as present in most of the hips, probably due to immobili 
zation during the inflammatory period Degeneiative changes of the head followed in 
several instances Manipulative i eduction should be leserved foi those hips with recent 
slipping and no callus If the displacement is corrected by closed manipulation, it is prefer 
able to maintain the i eduction xvith a nail rather than by immobilization in a plastei cad 

Reduction by Strong Traction 

Stiong manual ti action, estimated at 500 pounds, combined xnth internal rotation 
and abduction, w^as employed in 1932 in an attempt to effect reduction in seven cases of 
slipped epiphysis wuth callus in the inferior angle The dowmxvard displacement xxascor 
lected in most of these hips, but the posteiioi displacement usually xx^as not corrected All 
weie immobilized in plaster for ten or tix'^elve xveeks The eventual range of motion \'a« 
poor in fix^e cases, and good in only one Degenei atix^'e changes folloxved in all but onelup, 
probably due to circulatoiy damage at the time of reduction, as xx’^ell as to immobilization 
in plaster undei tension The results might hax'^e been better xxuth nailing and actnc 
motion after reduction, rather than plaster 

Tiaction-Reduction with Nail Fixation 

Closed 1 eduction by manual traction, wuth the extremity in flexion and internal 
rotation (Leadbetter manoeuxue), xx'^as done in five cases xxnthin a few'^ days after e 
slipping The reduction was very good in three of the hips, and fair in tw^o Fixation wa 
accomplished xxnth the Smith-Petersen nail, and early active motion xx'ith support wai 
begun a fexv day^s after the opeiation Weigh t-beaiing xx^as started eight to ten weeks a c 
The follow-up period x'^aiied from foui to seven years, the lesult w^as good in eac ca ^ 
and a good range of motion w^as maintained The soft tissues evidently remain attac le 
the head in this type of i eduction and the circulation is maintained, so that degener. 
changes do not dex'-elop 


Open Reduction 

Open reduction of the displaced epiphysis xx^as done m thii ty-one hips, the 
1920, wnth anatomical improvement in all cases and excellent anatomical reposi 
nearly all It w^as necessary to separate the head fi om the neck in order to effect re 
and usually to remox'^e callus fiom the mfeiioi angle A nail xxas drix'^en thioug i ^ 
chantei and neck into the head of one femur foi inteinal fixation (1924) o’’" 

hips xx^eie immobilized in plaster for ten to txxelx'^e xxeeks Good clinical lesu s 

bone AND 


THE JOURNAL Oi 



M-inMN(. ()i nil, in-n,i{ 1 1 mohm i pipii^sis 


747 


hiiu'd in onlA 1i\o of IIioh', on.' pili.'nl amis onh cikIiI voiiis old at the time of opeiation 
Two t u^e-' wcio coiniilelc f-iiliiios, one patient l.itei Iiad an aithroplasty and one a hip 
fnnoii M liked limitation of motion and doKenei itive changes weie the rule 

Inteiiiiil fixition, with 'letne motion fioin tlie fust week, was used with open leduc- 
tioii 111 ele\en (■im"^ Fi\ it ion was oht lined with the oidinaiy nail m twm cases, wnth the 
Siintli-Petei sen nail in eight, and with the Lijipmann scicw m two The anatomical lesult 
was iisiialh good 1 he i iiige of motion w.is hettei in this gioup than in the group having 
imiiiohiliratioii the index langiiig fiorii smen to ninety-six, wafli an aveiage of sixty-six 
The woist lesults o.. lined in the two lipis m whidi llie nail had been driven thiough the 
head into the Ketihnlnm l^egeiiei iti\ e . h inges o. . ni led m fotii of the hips, and aithiitic 
lipping w IS (ommon in lhos(' ( >iv(<s followed foi spveial yeais 

Ostfotoim/ of ihr \ < rl 

The deformitx wis .oiie.ted hv osteotomx thiough the femoial neck m thiee cases, 
the first 111 102 . 5 , ind the hips wcie immohilired in pi istei foi about tweh'^e weeks These 
lases wcie leported in 1031 Coiisideiahle in itomual collection was obtained, but limita- 
tion of motion uid degenei itixe eh'inges wcie usual Piobably the lesults would have been 
better with intein il fix'itioii and ciih motion Howexei, m two latei cases having oste- 
otomx of the neck with lix'ition bx 'i Smith-Peteisen nail, and eaily motion, the results 
liaxe been onh f nr 

Suhirochaiitcnc Os(cotot),i/ 

The dcfoimitx w is coriected induce th in ten hips, at least to some extent, by sub- 
trochanteric ostcotomx The lowci ft igment was abducted and internally rotated The 
operation was usu dh done in the icsidual stage The hip was immobilized in plastei in 
sexen cises, once with a long n iil to iiicxent flexion of the uppei fiagment Txvo of these 
hips became quite stilT Inicinal fixation with a blade-plate was used m txvo cases, xxnth 
earl} motion, and Russell tiaction in one The position of the hip was usually impioved, 
but, m sex'eral cases tioated bj immobilization m plastei m extension, flexion of the upper 
fragment resulted in furthci defoimity and shoitenmg Supiacondylai osteotomy for cor- 
rection of external-rotation defoimity xxas used foi one hip, xxnth success Subtrochanteric 
or supracondylar osteotomy is much lcsshkel 3 '’to lesult in damage to the circulation of the 
hip and degeneratix’'e changes than is closed oi open i eduction oi osteotomy of the neck, but 
the position of the fragments cannot easd}’^ be controlled 

CONCLUSIONS 

The hip should nexmi be held in a position of tension, especially extension, abduction, 
and internal rotation, as this w i mgs out the blood vessels along the neck and still furthei 
embarrasses the circulation 

No opeiation should be done w^hen acute pain and spasm are present, at least until 
after two or three weeks of bed rest The treatment of choice is pegging of the epiphysis 
m the preslipping stage or before much slipping has occurred The results of this opera- 
tion baxm been excellent, and far better than with any of the other methods of treatment 
Drilling xvithout pegging has little oi no effect on the course of the disease Even the 
slipped epiphysis can be pegged, and the deformity can be corrected later by subtro- 
chanteric osteotomy 

Note For Discussion of this paper, see page 21 of this Volume of The Journal (January 1949) 
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END RESULTS IN PHYSIOLOGICAL BLOCKING OF FLAIL JOINTS* 

Bl ALBERTO INCLAN, M D , HAVANA, CUBA 


Man> suigical pioceduies have been desciibed to limit the motion of ceitam joints m 
i given direction, and are tlabsified undei the geneial heading ot aitiuoereim, m contra t 
to arthrode‘iJS, m which all joint motion is abolished The lelative impoitance of this bp 
of surgical technique may be gauged from the fact that it was one of the two principil 
subjects discussed at the Third International Congiess of Orthopaedic Suigeiy, held at 
Bologna and Rome m 1936, undei the inspiring piesidency of the late Vittorio Putti 
The first aithroereisis oi jomt-blockmg operation w^as peifoimed by Wollenberg in 
1912, for genu recurvatum Toupet, m 1919, performed the first posterioi block of the 
ankle Since then many othei surgeons have added new’^ jomt-blocking techniques to our 
surgical armamentarium, such as those of Putti, Campbell, Ombr^danne, Novd-Josserand 
Camera, Salai^eiry, and otheis foi the ankle joint, and those of Campbell and IMajerfor 
the knee 

Othei techniques, w'hich utilize vaiious mtia-articulai and para-articular soft striic 
tures and tendons m the manner of check ligaments, have been emploj^ed in an attempt to 
limit abnormal joint motion It is our belief that, although these pioceduies may be sue 
cessful m mild cases showing no alterations m joint configuration, thej’^ fall short of tlicir 
goal m more se\ere cases, w^hen growth and increasing weight thiow' a greater stress on 
joints and ligaments, resulting m a recurrence of abnormal motion 

Most techniques devised foi joint-blocking depend upon the placing of bone grafts in 
such a waj that thej" will mechanically impede the excursion of the joint in a certain dirrt 
tion This tj pe of opeiation has been accompanied by such a high incidence of function i! 
failuie due to absorption, fiactuie, oi atiophy of the giaft with a recurrence of abnorma 
motion, 01 to painful joint motion fiom secondaiy osteo-arthritis, that Branch, rewc'unf! 
eighteen cases of posterior bone block of the ankle in 1939, stated “The author hesltat^ 
to present a destiuctive paper such as this wuth no constructive criticism” 

In an eIldea^ or to secuie a moie physiological blocking of joints, altering the position 
of the joint surfaces themselves rather than blocking joint motion mechanically by moan 
of grafts, the author has, since 19307 been employing the technique to be describe 
origmahtj is claimed, the principle is not newq and wms embodied in techniques descri 
bj Putti m his second operation for anterioi blocking of the ankle, by Bruce Gill m 
operation for posterior ankle block, and by Lexer and Brett in their operation for 
recurvatum This principle, however, has not been accorded proper emphasis by ^ 
w liters It ma 3 ' be stated as consisting m the altering of the joint configuration 
w aj’’ that the range of motion is shortened wuthout the introduction of a mechanica o 
cle to normal excursion This tjqie of jomt-blockmg is termed “physiological , sine 
normal anatomical stiuctures which make up the joint are not changed in substance,^ ^ 
are merel}’ altered m their relation to one another A perusal of the techniques 
described wall clarifv this concept 

Posterior Physiological Blocking of the Ankle 

The operation is used m cases of paral 3 ’'tic drop-foot A stabilizing triple ar 
of the talona% iculai, talocalcaneal, and calcaneocuboid joints is first earned 
section of the head of the talus and correction of an 3 ’- varus or valgus 
ma3^ be present AMiile the next step is being performed, an assistant prepares ^ 
head of the talus, denuding one-half of the articular surface of cartilage an cu i 

* Read at the Joint Meeting of The Mnencan Orthopaedic Association, 
sociation, and The Canadian Orthopaedic Association, Quebec, Canada, June i, 
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into the othei half, bo that the hculu 
the talus assumes a shape leminisccn 
of a cock’s comb (Fig 1) Folloiiin 
tuple aithiodesis and closuie of tli 
opeiative wound, the patient isturnf' 
into the pi one position, and a po'terni 
longitudinal incision is made, piull 
to the Achilles tendon The tendon i 
evposed and split b}" the Hoke Z-pli'ti 
technique, aftei mIiicIi the undcrl\in' 
fat and ligamentous stuicture^ in 
split to e\pose the posteiioi surface o 
the talus and the supeiioi surface (' 
the calcaneus With the foot held m 
stiong doisifle\ion, a cuived o>teo- 
tome IS dinen fonaaid, just undei the supeiioi aiticulai cartilage of the talus, andibcdi 
a lea ei to laise an osteocaitilagmous flap While this flap is held in the laised position In 
the osteotome, a cuived oi angulated gouge is used to cut a deep veitical giooae in the 
posterior suiface of the talus and to laise a coitical flap fiom the supeiioi suiface of tli<‘ 
calcaneus The pieviouslj'’ piepaied head of the talus is then placed m this bed, its deniidcil 
poition in contact aaith the laav suifaces of the talus and calcaneus, and its notch holdin" 
up the osteocaitilagmous flap, nhich is loneied into it aftei the cuived osteotome has been 
lemoved This elevation of the posteiioi portion of the supeiioi aiticulai surface of tl” 
talus effectnely limits plantai flexion to about 10 degiees Although a poition of thelicid 
of the talus piojects upvaid and posteiioi bq it has no blocking action, and mav hefric 
tilled 01 lesoibed without in anj" wa}'’ influencing the final lesults 

Aiitenot Physiological Blocking of the Ankle 

A collective taisal aithiodesis is fiist peifoimed to collect the calcaneus or calcanco" 
cavus defoimitj vhich maj’’ be present The anteiioi portion of the superioi aiticular'nf 



Fig 3 


Schematic illustration of operative procedure for poste- 
rior blocking of the elbow 


TABLE I 

Phisiological Blocking of Flail Joints 


Xo of 


Operation Cases 


Posterior blocking of ankle 102 

Anterior blocking of ankle 30 

Anterior blocking of knee 8 

Posterior blocking of elbow 1 


Totals 141 


Cases wath Follow up 
{No ) {Per cent ) 


51 

10 

6 

1 




face of the talus is raised with an osteotome, and four wedges of bone, Tr 

lesected head of the talus, are placed under this osteocaitilagmous flap to o 
outer portion of the flap must be raised much highei than the inner portion, i ^ 

action IS to be maintained v hen the foot is dorsiflexed while m the pronate 


position 


Anterior Physiological Blocking of the Knee for Genu Recurvatuin 

A T-shaped incision is made, its horizontal portion just below the artici , 

knee joint, and its vertical limb along the anteromedial surface of the ti na 
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TAIM J H 

I-i M. 1 II OI I onow-ui* Pi iiiod in .Si\i\-rioiir Casks 


I mu No of Cases 


(> iiuinllis to 1 \ t ir 

I to ') \( IIS 

0 to 10 \ I Its 

II \( IIS or nioK 

1 ot il 68 


3 

37 

18 

10 


ciililagc, Midi oiio-ciglil li of in null of dio uiuici lying cancellous bone, is raised by an 
osteotome, di i\ en fi oin in fi out b'u ku ii d At ui ved osteotome is used to develop this flap 
postcriorh , until the osleotoin\ .ilmost leachcs the posteiioi suiface of the tibia With the 
carted osteotome this osteot ii lil.iginous flip is then bent uptvaid, confoiming to the 
carted sui faces of the fenioi il t ondt les (Fig 2) Foui tt edges of bone, taken from the tibia 


lAHLL III 

I'lSM III SUITS tMlLtll CoMPI irtTlONS IN I'll Tt -ONE CASES 

01 PosTi moil Piitsioiorii ti Hioikini or the Ankie 


Cla«'ific itioii 

No of 
Cases 

Per 

Cl III 

PI ml ir ri( xioii 
Posslbll 

(I)(fjrrrs) 

Excellent 

24 

17 

10 to 12 

Good 

20 

30 

13 to I'l 

Fair 

() 

12 

10 to 20 1 

Poor 

1 

2 

21 or more 


ComplicatiODS * 


No of 

Cases 


Foot (Icforniitt 

\l)sorption or fiactuic of head of talus 
Absorption iiid paitial loss of blocking 
lit pcrcorrcction, resulting in slight 
calcaneus 

Pulmonari and hip tuberculosis 


Per 

cent 


16 

U 

4 

2 

2 


‘ No instances of anktlosis of the inkle, infection, arthritic changes, or arthritic pam ttere observed 




Fig 5 


^ . j tor, venrs after operation Bj modification 

Fig 4 Roentgenographic aspect of paralj'tic ^ arthritic changes are 

of the articular surfa^ce of the talus, blocking mechanism has been up 

^ . f„nf pieht years after opeiation That portion of 

Fig 5 Roentgenographic aspect of fractured, the blocking effect is maintained 

the head of the talus shaped as a cock’s comb ‘'•‘S been Iracturw, 

h\ the modified articular surface of the posterior asp 
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TABLE IV 

Fin \l ResxjLTs. \nd Late Complications in Ten Cases oi 
Antehior PmsiOLOGic\L Blocking of the Ankle 


Classification 

Xo of 
Cases 

Per 

cent 

Dorsiflexion 

Possible 

{Degrees) 

Complications * 

Xo of Pt 
Ca'^os Cl ‘ 

E\ccllent 

5 

50 

10 to 12 

Partial loss of blocking effect 

2 ■>) 





(4 to 10 degrees) 


Good 

2 

20 

13 to 15 

Total loss of blocking effect 

1 10 

Fair 

2 

20 

16 to 20 

Revision of arthrodesis necessary 

1 10 

Poor 

1 

10 

Over 20 

Death from pulmonary tuberculosis. 

1 10 





2 years after operation 



* Xo instances of infection, artliritic changes, pain on weight-bearing or walking, or anki losis of tl 
ankle m ere observed 

and inserted into the osteotom}'' site, hold the flap in place This technique has been U'd 
successful!}^ in the author’s last si\ cases In the first two cases a paiapatellar incision 
utilized, and the grafts neie obtained from the patella We have found cortical graft 
from the tibia to be strongei and more suitable 

Physiological Postenoi Blocking of the Elbow 

A posterolateral incision is begun two inches above the tip of the olecranon procc 
and IS carried along the lateral border of the process to its base The tendon of the tricep 
is split in the mid-lme, and the semilunar notch of the ulna is visualized An osteotonn i 
begun just posteiior to the upper border of the aiticular cartilage, the osteotome bein’ 
dm en downward, paiallel to the caitilage The elbow is flexed to 90 degrees, and the flap 
IS raised until it blocks furthei extension of the joint A wedge of bone, taken from tn 
tibia, IS inserted into the angle of the osteotomy to maintain the elevated position o t 
flap (Fig 3) 

COMMENT 

The authoi recommends the suigical procedures described 
foi blocking joints because of the following reasons 

1 The normal stiuctuie of the joint remains unaltered 

2 Limitation of motion is obtained without disturbing the 




Fig 6-A 


Fig 7-A 


Fig 7-B 


Fig 6-B 

Fig 6-A J W Patient w ith paralj'tic drop-foot, before operation 1 ,; tl 

Fig 6-B Demonstrating appearance and blocking effect after operation on t e e 
author’s techmque iriatuin, " 

Figs 7-A and 7-B P & PJiotogiaphs of a patient vith cNtrenie paraljtic genu rtt 
and after operation 
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1 ISAI Hi sUI IS \M) liAII COMPIK MIONS IN >Sl\ CasI- S Ol' 
Asti moil I’m sini (Kill M Hiojmnooi tiii Knid 




H\ pcreNlen-ion 





No of I’lr 

Po-sil)l(> 

1 

No of 

Per 

Cl isMfipntinn 

Com '' ((111 

{Drgrrrs) 

Complicnlions 

Cases 

cent 

I \C(1I( 111 

1 'iO 

10 or I(»ts 

I mill ilion of iioimiil joint cxicnsion 

1 

16 6 

Ciood 

2 31 

11 lo 1 '■) 

!nf( ( lion 

0 


Fur 

0 

10 lo 20 

AnK^ losis of the knee 

0 


Poor 

1 17 

1 \lcnsioii 

ArIhrilK chanRos in the knee 

0 




Iimil( (I 

1 






FAHLE \ 1 




I iNAi Hi suit- AM) Laif CoMPiirAiioNs IN Sixty-eight Cases 





OI Pin -loi oriFAL Hio( kinf of Joints 




\o of Per 


No of 

Per 

Classificition 

Ca-cs cent 

Compile itions * 

Cases 

cent 

Excellent 


32 17 1 

Postoiieratui diformity 

10 

14 7 

Good 


25 30 S 

Partial loss of blocking 

5 

7 4 

Fair 


S US 

Ovcrcorrcolion 

2 

2 9 

Poor 


3 1 1 

I ate pulmonary tuberculosis 

1 

1 5 


• No instances of joint nnk\lo‘=is, infection, nrthritic clmnges, or arthritic pain j\ere observed 


normal joint mechanism and its anatonij’ b}’ the intiocluction of extraneous blocking 
elements 

3 The procedures may be carried out without damage to the joint itself 

4 The epiphyseal cartilages remain unharmed, future giowth disturbances being 

thus avoided , 

f 5 The blocking effect is more permanent than that obtained by other procedures, not 

based on the same principles 


STATISTICAL DATA 

The end results of the first fifteen cases, in which anterior or posterior backing of the 
ankle was carried out by the techniques already described, were presented by the author 
m 1938 A recent review of the statistics of the Poliomyelitis Service of the Mercedes 
Hospital has shown that, of the 781 opeiations carried out on the 1,123 patients registere , 
141 were done by the author’s techniques, to obtain physiological blocking of 

In ankle-blocking the end lesults in cases with an adequate follow-up weie judge 

In this gioup solid triple arthrodesis of the tarsal joints was 
•10 to 12 degrees of plantar flexion was possible, weight-bearing was normal, and there vas 

jno pain on walking or motion jic j „ 

i Good These patients had plantar flexion of between 12 and 15 J 

mot prominent, but weight-bearing was otherwise normal, and no pain presen 

i 

a tendency to varus or valgus deformity was present, an e oossible beyond 

Poor In this group the blocking effect was lost or P'“f ” 

20 degrees CompLtions included infection, osteo-arthritis of the ankle joint, mitj , 

ankylosis of the ankle, and pain on motion or weight-beaimg 
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Of the total number of joint-blockmg operations performed m all joints bi tlir'- 
techniques, the end results were good or excellent m 85 pei cent of the cases, in 4 4 p, 
cent thej were poor Onlj’- si\t 3 ’’-eight cases m wdiich an adequate follow-up was po"il)'’ 
are included in this total Of these, tw enty-eight patients had been opeiated upon from fn 
to ten 01 more j^ears ago The statistical data aie given m gieatei detail in Tables I to\l 
inclusu e 


CONCLUSIONS 

End results, obtained after tw^elve years of experience with techniques de\ iscd fo 
securing phj’-siological blocking of flail joints, aie piesented The authoi’s aim is to demon 
strate the adiantages of these and similai techniques, w'hich aie based on physiolopra! 
lestriction of a specific joint motion by alteration of the anatomical position or configiin 
tion of the joint suiface 

The phj'siological blocking operations perfoimed at the ankle and knee haieshomi 
permanent satisfactorj'^ results, classified as either good oi excellent, m 85 per cent of cis? 
for as long as twelve years followung operation 

Postoperative infections, ankylosis, or aithritis did not occur m anj’^ of the ca«c^in 
this senes 

Late loss, either partial or complete, of the original blocking occurred in 7 4 percent 
of the cases reviewed 
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FRAC rURlOS OF BONIOS OF Til]-: FOREARM IN ADULTS * 


B'i noni in \ knight, m d , and gi ohgi n I’uuvis, m d , Memphis, Tennessee 
/ rnm Ihr Campbell CIniic ami the Vnntrvty of Tennessee, Memphis 


Fi u-lHK's of (ill' simfls of i)olh lioiM's of iho foioaim piespnt specific pioblems, in 
iddition to tlioM' (liflit iiltios wlni li .iie ( onimoii to all fiat lines of shafts of the long bones 
Besides the ne(e‘'''il\ foi leg lining length, -ipposilion, intl axial alignment, noimal rota- 
tion-il ahgnnient imi-'t be leganied, if a good i inge of pionation and supination is to be 
recoiercd The eli-int es foi the oceui loiit c of malunion and non-union aie gi eater, because 
of the diffieiiltie-' in icdneing -iiid in iint-iining the leduction of two parallel bones in the 
presence of the pron-iting iiid Mipin iliiig inustles, \ihuh have angulatoi}" as well as lota- 
tori iiifliienee-? Bet iiise of the^e f it lois, the end lesnlls obtained m the treatment of these 
fracliiies h ne ficquenth left much to be desnetl, especial!}" m adults where the compensa- 
tory growth changes of childhood aie lacking, intl wheie the ability to recovei wath an 
excelleiif functional lesult, in the f ice of onh a fan anatomical lesult, is usually absent 
The pin pose of this stud\ w-is to deteimme the icMilts obtained in the treatment of these 
fractiiies in adults, to deleimine the taiive-' of faihiie, intl to make lecommendations foi 
the exact tieatmenl of these fiactuies 

One hundred cases of fresh fi ictuies of the shafts of both bones of the foreaim m 
adults (o\er fifteen xeais of ige) tieated by the Staff of the Campbell Clinic w'ere studied 
Colles’s fractures and fractures of the head of the ladius and of the olecranon were ex- 
cluded from the stud}’' The cases weie giouped into the followang categoiies, according 
to the method of lieitmenl cmplo\ed 
Manipulation 
Open I eduction 


AVithout rigid internal fixation 
With plates 

ith piimaiy bone giafts 
^^lth intiamedullary wiies 


13 

20 

15 

11 59 


Total cases 

Because of the variation in tj'pes and levels of fiactures, the frequent occurrence of 
soft-tissue injur}", and the piesence of fiactuies elsew'heie m the extremity oi the body, 
it has been impossible to aibitrarily set up ciiteria based upon such factois as limitation 
of motion, loss of strength, and pain, by which to evaluate the end results in each case 
Thus, in some cases with extensive soft-tissue injury in addition to the fiactures, w"hen 
making the final evaluation, limitation of motion as the lesult of scaning or loss of muscle 
or nerve function must be taken into consideration 

In grouping the end results, the excellent and good lesults have been accepted as 
satisfactory, w"hile the fan and poor results have been considered unsatisfactory 

Early m the study, it became apparent that rotational alignment had been given 
considerably less attention than axial alignment and end-to-end engagement, bot at t e 
ime of initial reduction and in the evaluation of the end lesults Rotational alignment o 
-he radius follow"mg fiactures of the foieaim has been briefly mentioned m the literature, 
3Ut It was not until 1945 that Evans offered an accuiate method of deteimmmg the rota- 
"'onal alignment by roentgenogi ams , Evans stiongly re-emphasized the fact that any 
legree of error m lotational reduction would be followed by a coirespondmg limitation 
’I pronation and supination of the foieaim In the past, it has been advised that fractures 

, * Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 

'anuarj' 27, 1949 
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of the pioximal thuds of both bones of the foieaim should be immobilized in supination 
those of the middle thud in mid-position, and those of the lower third m either pronatioi 
or mid-position These positions were chosen because of the anatomical arrangement ant 
balance of muscle puU of the pionators and supinators of the forearm at the various levet 
All cases in this series weie studied in accord with Evans’s suggestion, the degree of re- 
sidual rotational deformity of the proximal radial fragment being determined In a higl 
percentage of cases, limitation of forearm rotation was found to correspond closely to the 
lesidual bony rotational deformity'- As the study piogressed, it was found that the end 
lesults regal ding pronation and supination could be predicted -with a surprising degree of 
accuiacy from a study of the roentgenogiams alone 

Deteimination of the degiee of rotation of the proximal radial fragment is ba'ed 
upon the distinctive configuration of the pioximal portion of the radius, particularly that 
of the bicipital tubeiosity, the relationship of its cancellous portion to the shaft of the 
radius, and the shape of the bicipital curve of the ladius A calibration chart of the normal 
must be made with the foreaim in varying degrees of pronation and supination, to deter 
mine the rotational position of the proximal radial fragment 

Evans has suggested that the "tubeiosity- view” roentgenograms be made inth the 
following constant technique An anteroposteiioi view of the elbow joint is taken with the 
tube tilted 20 degiees toward the olecranon The tip of the olecranon is placed one-third 
of the way along the plate, -wnth the elbow flexed to 90 degrees, care being taken that both 
condyles of the humeius aie at the same level In attempting a manipulative reduction of 
the fracture, a compaiative “tubeiosity view” of the opposite elbow should bemade,if 
there is any question as to the rotational position of the pioximal radial fragment Eeduc 
tion of the Iractuie is then performed A\uth the foieaim in the position of rotation nhich 
coriesponds to that of the pioximal ladial fiagment, since the rotation of this fragment 
cannot be controlled, and the distal fiagment must be brought into alignment mthit, 
after the reduction, the foreaim is immobilized in that position If an open reduction ! 
to be performed, in a case in which the radial fiactuie is comminuted, aiiangementsshou 
be made for x-ray's to be taken vith a poi table machine during the operation, should anr 
question of rotational alignment aiise 


ANALVSIS OF KESULTS 


The end results have been unsatisfactoiy in a relatively high percentage of 
fractures of both bones of the foieaim in adults In general, unless gross limitation ^ 
motion, gross deformity, oi pain weie piesent, the patients had little or no 
Limitations of extremes of pronation and supination weie usually’- accepted by t e pa 
since abduction and inteinal lotation at the shouldei adequately supplemente 
limitation of pronation, and adduction and external rotation of the shouldei 
to a lesser extent, limitation of supination (One patient, a typist, complained ®P®®' 
of inability to pronate the foieaim sufficiently to place the fingeis on the ^ 
Pam was not present unless union was incomplete, oi unless theie was excessi 
proliferation which resulted in a painful bone block to lotation lation»' 

Pronation was laiely limited to an appieciable degiee, unless anterior 
the radius resulted in a bone block, supination, howevei, was limited very 
due to the follovung causes, listed in oidei of frequency (1) lesidual eo'J 

proximal ladial fragment, due to incomplete reduction, (2) nai rowing of t e in 
space, due to appositional angulation of one oi both bones, (3) residual P°® ® j^feno 
tion of the ulnar fracture, forming a bone block, and (4) derangement o 


found infiequently, despite the rather 


radio-ulnai joint 

Inferior radio-ulnar instability was 
finding of inferior radio-ulnar axial subluxation due to slight ladial s of aPP'”" 

symptoms of pain and instability weie ordinarily found only m the pres 

bone and joint S 
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tional uiRul'Uion of llio i uluis oi ulna, oi of an assooated fiacinio of the ulnai styloid 
pioccss Mith non-union In o(Ium woids, i piston-iiko oi axial subluxation of the inferior 
ndio-uhni join! w is nsinlh asymplom if k , htil symptoms weie present if there was 
■uifciioi 01 po^feiioi inpiiil'ilioii of one of fhc fuo bones 


MAMlUn AT ION 

The icsulfs following maniptil'ifion weic, in gcneiai, unsatisfactory Of forty-one 
cases studied, thoie weic tliiee exeelleiil, nine good, seventeen fan, and twelve pooi 
icsiiUs (oi 20 pel eeiil ifisf-u Ion iesulfsand71 jiei tent iinsatisfactoiy lesults) Theie 
were fi\e t i«es of non-nnion, in iiitideme of 12 pei tent , in two of these, both bones 
were iinohcd ind in thiee (he uln i done w is iinolved Solid union lequiied a longer 
period of time thin is genei dh (hoiighl necessaiy, avciaging foui and one-half to five 
nionlhs Nariowing of Ihe inleiosveons sjiace, angiil u defoimity, and rotational deformity 
were present in n m ijoiifj of the ci^-es If is obvious that bcttei results w'ould have fol- 
lowed open icducfion and some foim of infeimd fixation In 60 pei cent of the cases, 
'csidinl rotation \l deformitx of fiom 23 to 60 dcgiees w is piesent, the proximal radial 
ragnicnf being supiinfcd, witii lesiiifing piopoilional limitation of supination This is 
rue for fractures of the lowei thud, as well as foi those ol the middle third and upper 
liird In the lower fluid, the pull of the pionatoi quadiatus resulted m appositional 



■i?r 1 A Fig 1-B 

Aug!ist%7;m0 January 31, 1941 

Obhque fractures of the middle thirds of both bones of the forearm shown 
bon was f„a„rp m obtain eneagement of the radial iracture or lo correci 


waa tiuseai. Jrriint 
^ of plates or onlay grafts 


31 A Jio 4 
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Fig 2 


Angulation of radius and ulna duimg petiod of cast immobilization is illustrated A J , t 
after reduction, cast fits snugly B Atiophy of forearm muscles has taken place, v\itn conseq 
ing of cast in upper half of forearm C Cast has sagged hile still holding distol fri^nient > 
angulating radius and ulna D Method of suspending cast bj sling, as advised by ratrio 

angulation, naiiomng of the intei osseous space, and a lesultant loss of supination, 
addition, the proximal ladial fiagment was usually in some degiee of supination 
Fiactuies of the middle thud also gave unsatisfactoiy lesults in most 
even more difficult to obtain and maintain a satisfactoiy reduction in these an ' 
tuies in the uppei thud and, if theie is comminution oi obliquity of one oi o 
open 1 eduction is usually necessaiy (Figs 1-A and 1-B) The lotational pile 

be checked, involving the malung of compaiative tuberosity-angle views o 
normal elbow, if necessaiy, so that the foieaim may be i educed in the pioper 
alignment If the fiactuies aie tiansveise, an attempt at manipulative le 
justified, but, unless a stable anatomical i eduction can be obtained, open le 


luld 


internal fixation should be lesoited to without delay 

No accurate coiielation of lotational defoimitj'’ to the level of fiac Ijpnr 

made, but it appeals, from the lesults of this studjq that, in most fiactuies jpUp-t 
of the foreaim m adults, the arm should be immobilized in a position of supma 
mg manipulative reduction , ic 

Patiick pointed out that one of the causes foi angulation of ^ glmgatt’’ 

mobilization m plastei is that the weight of the cast is laigely suppoite 3^^ 
vTist (Fig 2, A) The muscle bellies of the foieaim aie located chie 3 m '^gntly, 
while in the lower half the bones are largely suiiounded by tendons loo 

muscles in the proximal half of the foreaim become atiophied, the cas 
sags, while the distal halves of both bones lemain lelatively firnoJy slmS*^'' 

sequently angulation may occur (Figs 2,B and 2,C) Patrick advise 
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1 If. i- \ Fig 3-B 

M n ■> l')i2 Oclobti 4, 1932 

Ln= icfor\ rt 'till follow mg open redm (ion of (uininmuU d li u tuus m the middle thud is shown 
AO interml fivition w is ipiiliid lo iilni, win loop w is Tpplud to iiidiiis Note lesidual rotational 
deformi(\ of ridni.-, ijipro k liiiig 00 digue.' of siipinilion 

corponlecl in (lie j)hs(ci just below (lie elbow, foi suspension (I'lg 2,D) The authois 
liate Inti no person il expenento with this method, but P itiu k lias had nodifficult}^ with the 
idetelopmcnt of angulation of the i idiiis smte he adopted this method of cast suspension 

OIM N lU DUCT ION 

Open Reduction uilhnui Rtqid Internal Fixation 

In eaiher j'eais, simple open lediiction without mteinal fixation w'as employed, if the 
'ractures weie stable iftei lediiction If theie was comminution oi obliquity of eithei 
'racture, mteinal fixation, such as a figuic-of-eight wne oi a catgut sutuie, w^as placed 
icross the fiactuie site Thu teen cases in this senes weie tieated by this method, with 
"0 good, six fail, and fi^e pooi lesults In othei woids, appi oximately 85 pei cent of 
hese weie unsatisfactoiy Angulation and displacement with associated cosmetic and 
unctional distuibances of vaiying degiees weie the cause of unsatisfactoiy lesults in most 
nstances Residual rotational defoimity was piesent in seveial cases, despite the fact 
hat the fractuies weie i educed undei direct vision, emphasizing the fact that lotational 
dignrnent has not always been lestoied at the time of open i eduction (Figs 3-A and 
’■R) In this gioup of thirteen cases, theie weie two instances of dela 3 '’ed union, and non- 
inion of one oi both bones occuiied in six of the thiiteen cases This method of treatment 
'ould thus appeal to be inadequate and unsatisfactory If open reduction is peifoimed, 
Jgid internal fixation of both bones should be emploji^ed, even though the fragments can 
'G firmly locked together by good serrations End-to-end engagement alone wall not 
■uarantee maintenance of alignment 

yen Reduction and Plate Fixation 

This method wms employed in twentj'^ instances wath the followang results six excel- 
'nt, one good, five fan , and eight poor (or 35 per cent satisfactory results and 65 per cent 
^satisfactory results) In this gioup of twent}'' cases wmie two instances of dela 3 md union 
I the ulna, one of delayed umon of the ulna wath non-union of the radius, and three of 
on-union of the ulna alone These complications wmre the result of the use of plates or 
31- 31 K No 
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Fig 4r-A Fig 4-B Fig 4-C 

May 18, 1945 June 8, 1945 September 28, 1948 

Piimarj onla} grafts to both bones, \Mth e\cellent end result Note scre'ns used to transfix comminuted 

radial fragment Consolidation ^ as complete in tn elve n eeks 



Fig 5-A 
August 21, 1943 


Fig 5-B 

September 7, 1943 


Fig 5-C 
October 14, 1943 


Comminuted fractures of both bones Primary onlay grafts have been applied. 


Fig 

January 4, 1944 

vith accesson ^ 


v^oiiumiiuLeu iractures oi uov-a uones oniuy gruiws u ivc j uncorrccieu 

cellous bone Note failure to correct rotational deformity of ladius of 80 depees, , , of simostiU 


uciluuo uunc x’luuc laiiuic uunecu iULutiUUiti 'f rlnption 

rowing of interosseous space Accessory cancellous bone is a nia]or factor in the pro 


of a COB! 


screws of inadequate length, absoiption at the fiacture site, oi failuie o 
minuted fiactuie The excellent results followed open reduction and p a 
oblique or transverse fractures In three of the twentj’’ cases, residual rota ion 
of the radius occurred, despite reduction of the fracture under direct vision 

Cpen Reduction with Piimaiy Onlay Giafts 

Since 1942, in an effort to treat fractures of the shafts of used i” " 

in adults in a more definitive manner, primary onlay bone giafts a^e 
lected cases In the same year, Kellogg Speed reported its use 
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Piniun fii iftinfi; h hmi cmiiloM'd in fiKoon t.isos \M(h six excellent lesults, three 
gooihc''nlt'', one f 111 K'MiII, ' iiid Ini' pool lesiills In ill instances of fractuies m the middle 
(liiid, whole Old n gi.ifl^ wok' applied (o holh bones, sdisfactoiy lesuIts wuie obtained 
(I'lRs t-A lluoiigli l-(') in (wo iiistaiues, i giafl was applied to the ulna and a single 
sciew w is iii'-eited moss an oblique i idi il liaciuio, m both cases, the ulnai fiactuie 
lie lied s iiisf K tonh , biK (lie i idial ii nline ingul iled towaid the ulna wuth lesultant 
11 mowing of (he in(ei osseous spue ind in ilunion In tliiee cases, wheie theie w^as com- 
iiiuuidon of both bones in (he iiioxinid (hnd, onlay giafts weie applied and cancellous 
hone w is pined ibont (he fi iitnie sites In two of the tliieo cases, both giafts fiactured 
with lesiilting iiignlation ind s\in)s(osis, ni (he thud case, the giafts wuie applied wuth 
the I idius in pool iligiinieiit ind with n mowing of the inteiosseous space Heie, too, 
sMiostosis ensued (bigs 6 - V thiougli i-D) It is evident, fust, that, if piimaiy giafts aie 
eniphned (he\ should be qiplied to both bones, and, second, that cancellous bone packed 
about the fi ic(uie spe, ji ii (n id iih in fi ictuies of (he pioximal thud of the foieaim, may 
lead to 1 sMiostosis It is now id\ ised (hit i “bone plate” of coitical bone be employed, 
the gi ift being it leist si\ tunes the diametei of the shaft m length and two-thirds its 
(lianictei m width It slnudd be be\eled it eicli end and fixed with foui oi moie sciew's 
Aii\ huge {omminutcd fi ignient should be fixed with in additional sciew to either the 
pioMmil 01 the disf d fi iginent 

In this senes, homogenous bank bone h is been emiilojeil in four instances, although 
the senes is too small to poimit .uit conclusions as to its calue as compaied wuth autog- 
enous bone, the icsiilts h n c' been is s itisfac toi v 1 he use of bank bone makes a primaiy 
giaft of both bones as suniile i iiioccduio ind ol no gieitei magnitude than the plating 
of both bones 



Fig 6-A 
Februaiy 21, 1947 



Fig 6-C 
November 27, 194S 


Fig 6-B 

reoruaiy ai, ly-n July 3, 1947 

Compound fractures of both bones vith seveie and a^ 

anatomical position of radius, but the radius caused no s^mptoms 

secondary reconstructive procedures The screws which are still present 
at the patient’s request, were not removed 
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Fig 7-\ 
August 24, 1947 


Fig 7-B 
October 4, 1947 


Fig 7-C 
March 19, 1948 


feeveie bone and soft-tissue injurj Ulnai wne should have been introduced farther dovn . 

canal and should not have been allowed to piotrude thiough skin over olecranon \i ire H „ 

before consolidation was complete Subsequent angulation of i idius is not pievented bj intrarae 
Kirschner waie 


In the cases in which piimaij^ onlay bone giafts weie employed, union was compe*' 
in an aveiage of ten to tweh^e weeks Thus, it wmuld appeal that consolidation takes 
moie lapidl}^ followong piimai}'’ giaftmg than woth the use of othei methods 


Open Reduction and Intiamedidlaiy Fiiation 

Intiamedullaiv wne fixation was used in eleven cases m this senes, actiiall}^^| 
been emploj^ed m a total of appi oximatelj’- thii tj'^-five cases of foieaim 
othei cases w^eie unsuitable foi studj"^ because of inadequate follow"-up This or 
tieatment w^as used m those cases in which the foieaims w^eie seveiely or 

the fiactuies w^eie comminuted, often presenting double fiactuies of either le r 
ulna (Figs 6-A through 6-C) This foim of fixation w^as used m these cases o 
fiacture because plating oi grafting, even though othenvise feasible, would ^ j^gjt 
sufficient soft-tissue stripping to endangei the inability of the mtei media e ^r 
There weie two excellent, thiee good, thiee fair, and three poor lesults m t ns 
average time required for union was foui and one-half to five months, causes d 

length of time lequned foi union of fiactuies tieated b}'’ manipulation of 

unsatisfactoij’’ results w^eie (1) failure to maintain correct rotational ^ fracture 
radius, (2) angulation in cases wdreie a single Kiischnei wme w^as used in a and 

of the radius, (3) angulation at the fracture sites, due to too eaily lemova o 
external fixation, and (4) non-union (Figs 7-A thiough 7-C) fractures ca^ 

Although no definite evaluation of mtiamedullai}'’ fixation in oiear gy^geiera' 
be made from these cases alone, our experience wuth the method has ^jjj^r fracf»f^- 

valuable points The fixation afforded by an intramedullary ware or nai i 
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IS luucli moio s'itt‘'f.u’loi\ (Ii'iii lu tho i uliu'', since its medullary canal is lelatively 
straight and (he wne oi Kilnisehei nail can eisih l,o nisei tod fchiough the olecianon The 
mtiamednll u\ wne oi n iil is ins(.,fe(l in (he i idiiis wilh difficiilty, hmvevei, since it must 
ho mseited thinugh (he i uh il stchml jiimess oi (hiongh a Luge dull hole on the doisum 
of the 1‘idins in (he \i(init\ of Listen's tuiieiih' 'I'he wne oi nail must then pass into the 
niedulluc c i\i(\ ohli(iU('l\ , ind, if it does not follow the noimal cuive of the bone, the 
ndius will he s(i ughlened to some extent with tonsecjuenl naiiowmg of the intei osseous 
space The Kiischnei wne has pioced to he eisy (o inscit, but does not have sufficient 
stabihtx to piexent lot ition oi ijiposition.il ingiilalion of tlic radius This has been found 
paiticulailv tiue in double oi section il fiaetuies of the ladius In fiactuies of the low^ei 
thud of the i uhus the use of (he Kuntsehei nail is piactical, since the nail does not have 
to he intiodueed the entiie length of the i idnis Ilowevei, m ceitam segmental fiactuies 
of the laduis, it is sifoi to use inti imedullaiy Kiisdinei wnes, even though they do not 
perfecth m nut iin (he fiat (me. (li iii to s(up (he shaft of the ladius the requued extent 
for grafting oi pliting, with t onsequent iisk of de\ itali/ing a shoit segmental fragment It 
IS possible til it (he enijihn nient of two oi moie Knschnei waies, as utilized by Lam- 
brmnth, max pioxe moie s uivfaetoix foi maintaining ladial fiactuies than a single xviie 
Scxcie tompound fi utuies t m be fixed with mtiamedullaiy wiies xvithout maikedly 
iiicieasmg the daiigei of dissojinnation of infettion along the medullaiy canal oi masswe 
sequcstiation, if the fundiinental suigical pimciples of thoiough iiiigation and debride- 
ment, followed bx adequ ite chemothei ipcutic and intibiotic theiapy, aie observed Even 
m those cases in xxhuh non-union lesulted, this method has had the advantage of main- 
taining length incl ilignment, gicatlx simplifying secondaiy leconstiuctixe pi oceduies 
Both inteinil and cxteinal fixition must be maintained until all fiactuies aie showmt, 
loentgenognphically to be consolidated, foi clinical detei mmation of consolidation is 
obxiouslx unieliablo Despite (lie pi esence of mtiamedullaiy fixation, lesumption of func- 
tion before bonx consolidation is complete ma}' cause delaj^ed union xxnth excess callus 
formation oi ex en non-union 


RnCOMMENDATIONS 

As a general lule, it is advocated that oblique oi comminuted fiactures of both bones 
of the foieaim be tieated b}’’ open i eduction and mteinal fixation Tiansverse fiactures 
ma}’^ be manipulated, but, if a stable leduction with anatomical alignment of all fiagments 
cannot be obtained, one should then proceed to open induction xxnthout delay In fiac- 
tures of the uppei thud, it is difficult to obtain anatomical alignment except by open 
leduction ^^^len open leduction has been delayed, it is difficult to reduce the fiactuies, 
particular^’’ as fai as lotational alignment is concerned If the fiactuie is reasonably fiesh, 
the serrations of the bone ends can easily be fitted into then piopei niches, to ensure cor- 
rect rotational alignment If there is comminution, a piimaiy giaft of pioper size should 
be applied In fiactures of the loxvei third, it is lecommended that some form of mteinal 
fixation be employed An mtiamedullaiy ulnai xvne introduced through the olecranon, 
and a Kuntscher nail inseited into the ladius from its distal poition, xxull maintain position 
and alignment adequately 

The approach employed in open reduction of the ulna presents no problem, since the 
bone IS subcutaneous tin oughout its length In the uppei and middle thirds, the plate oi 
graft should be applied to the dorsal surface of the bone, m oidei not to block pionation, 
while, in the loxx’ei thud, the plate oi graft should be placed on the xmlai suiface, beneath 
the flexor muscles, rathei than on a supeihcial suiface The appioach to the ladial shaft, 
howevei, is less simple In the uppei thud, where the supinator must be elexated, the 
anterioi appioach of Henry permits easy elex'-ation of the supmatoi muscle fiom its msei- 
tion. Without endangeimg the deep branch of the ladial neix^e In the middle thud, the 
Posteiior approach of Thompson is suitable, or, if preferred, Hemys anterioi approach 
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maj" be made There is little danger of injuring a part of the radial nerve below the upper 
third, since the nerve is sensoiyjn character distal to this point In the lower third, tlic 
distal poition of Heniy’s approach, as advised by King, should be employed An an 
teiolateial incision is made over the lowei third of the foiearm, w^hich peimits application 
of the plate oi giaft on the flat fiexoi surface of the ladius beneath the flexor muscles 
The scievs should not piotiude bej'-ond the opposite cortex, the use of sciews uliicii 
aie too long ma 5 ’^ cause nutation and limitation of supination or pronation 

AVhen open leduction is done, a tourniquet should be used, before the incisions are 
closed, the tourniquet should be lemoved and hemostasis secured This is advisable regard 
less of the site of fiactuie, but it is impel ative, if the anterior approach of Henry to the 
upper thud of the ladius has been employed In one case in this senes, Volkmann’s con 
tractuie resulted from failure to ligate the recurrent branch of the radial artery In closing 
the w ound, the deep fascia should be snugl 3 '' sutured, m order to prevent depression of the 
operative scar In all cases of fractuies of the shafts of both bones of the forearm, a snug 
plaster -of-Pai IS cast, extending from the axilla to the distal palmar crease, with the elbow 
flexed to 90 degrees, should be employed until all fractuies are shown to be consolidated, 
both chnicallj’’ and roentgenographically 

CONCLUSIONS 

1 An end -1 esult stud}'^ of 100 cases of fresh fractures of the shafts of both bones of 
the forearm m adults has le^ealed a high incidence of unsatisfactoij'- results 

2 Impiopei rotational alignment is an important causative factor in a high per 
centage of poor results 

3 Tlan«^else fiactuies in the middle and lowei thuds of both bones of the forearm 
maj in some instances, be satisfactoiilj’- reduced by closed manipulation, if reduction is 
peifoimed with correct rotational alignment 

4 Fiactuies of the uppei thud of the foieaim, and oblique oi comminuted fracture' 
at anj’’ level in the foieaim, aie best tieated bj' open reduction and iigid inteinal fixation 
of both bones 

5 Simple tiansveise and oblique fiactuies of the shafts may be plated, but com 
minuted fiactuies of the shafts aie most satisfactorily tieated by piimary bone-grafting 

6 Intiamedullaij^ fixation is a veij'^ satisfactoij’’ method of maintaining the reduction 
and alignment of complicated fiactuies of the shafts of both bones of the foiearm, pm 
ticulail 3 '^ vheie theie is major soft-tissue injui 3 '' and xvheie other methods of mterm 
fixation, such as plating and piimai 3 ’' grafting, are conti a-indicated 

7 External piaster fixation must be maintained until union is clinically and icon 
genogi aphicall 3 ’’ complete, legaidless of the type of inteinal fixation employed 
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THE l-:XPEiniMENTVL PRODUCTION OF ECTOPIC CARTILAGE 
VND BON1-: IN THE MUSCLES OF RABBITS* 

in TOIIN n HI IM N HI . M » ,** H 11 I)\HHS, H S , \ND II A M VSON, B S , CHICAGO, ILLINOIS 


I roll! ihr Dni'^inn of Oilhnimi (In Suiunti of the Depnilmenl of Surgery 
00(1 (toot the Dt yotloo nl of VUtisiolotyi, I oivci‘,Uy of Chicago 


\ siiccific osloofionolu siihsi uuo has hooii hypolhesized b}”- seveial investigators m 
llic list (lo( ule I ('\ iiuloi ol)t lined cailil igc oi iionc, oi both, in 23 pei cent of sevent}^ 
nhhits In injection of dioholii o\(i uts of lutologous bone oi fiacture callus into the 
rectus fcinoiis imisde Injettioiis into sixty inimals of alcohol alone and into twenty 
aiiiniils of dcoliolu e\ti uts of (onneitnc tissue, stiiated, oi smooth muscle, all yielded 
negntn c icsults 

Vnneiston deinoiisti itcd ihoiuhogenesis oi osteogenesis in half of the labbits in- 
jected with (omenti ited homologous extiacls and in one-fouith of those injected wnth 
hctci ologous cxti iits (t dies’ bones) On the basis of one positiye lesiilt of ten tests ivith 
homologous c\ti let of kidiici , iiid One positiie icsult of si\ tests with dialyzed urine of 
rabbits, Vnneisten snjipoited the hypothesis of Levandei that an osteogenetic substance 
circulates in the iilood iiicl is cxiicted bi the kidne 3 's He obtained foui positive results 


among a luge senes of contiols 

Beitelsen cpinpiied ikohohc extiacls of whole bone with those of maiiow, coitex, 
epiphi Sis, ind peiiostcum In a tot d of sixty muscles in thiity-thiee rabbits, he obtained 
twenti-nine iiositiie lO'-ults (-IS pei cent) Extiacts of bone mairow ivere distinctly 
supeiioi (S3 pci tent positiic) to the othei fiactions Among foity-one control experi- 
ments w ith extiacts of sei ei.d tissues, one positive lesult was obtained ivith extract of liver 
Lacioix " >- obtained caitilage, bone, and hematopoietic mairow foity-one days after 
the injection of alcoholic extiacts of epiphj’^ses of newboin labbits into the thigh muscles 
of othei rabbits He emphasized that his extiacts of epiphyses that ivere largely carti- 
laginous pioduccd chondio-osscous tissue which lesembled moie closely a bone than that 
obtained by othei woikeis who had exti acted bone oi caitilage of older animals He sug- 
gested that the hypothetical substance be called “osteogenin” and ivas challenged by 
Levandei and Willstaedt, who claimed that piioi discovei}'' had been reporte 

Rendano obtained caitilage m one of tiventy-tivo labbits ivith extracts of bone, six 


controls injected with 40 per cent alcohol iveie negative 

Mai tin Lagos and Zaiapico Romeio obtained cartilage and bone, either alone oi in 
combination, in seven of eighty-seven labbits (8 pei cent ) following injection of 40 per 
cent alcohol into the lectus femoiis They concluded that the action o an osseous 


ivas not necessaiy foi obtaining positive lesults v i, a 

Blum .eported that m,ect.on of a naature of phosphatase, glycerophosphate, and 
alginate gel into the lectus femoiis of rabbits led to the formation o ec opic on 
thiitjf-five days, wheieas no bone ivas obtained ivith the alginate ge a one 
The initial puipose of the piesent investigation was 
of Levander and of Annersten When it became evident ear y in e fniioinna m 

that positive results could be obtained in an appieciable number of animals folio g 
lection of alcohol alone, the aim ivas redirected from a studj^ of 

factois modifying the results with alcohol alone Some animals iveie injected cak^^^^ 

chloride, since the alginate gel-phosphatase mixtures of Blum contained this 

investigative routine adopted and the results obtained are presented here 

* Uv a research grant from the Division of Research Grants 

This investigation was supported in by a , public Health Semce 

and Fellowships of the National Institute of Health, lilted btates ruo 

**Fellow in Orthopaedic Surgery of the National Research CouncU 
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TABLE I 


EXP 

INITIAL 

RABBIT 

SEX 

AV 

SUBSTANCE 

TRICEPS 

QUADRICEPS 





AGE 


NO 

NO 

NO 

NO 

NO 

DATE 

NOS 

M,F 

MOS 

INJECTED 

MUSC^ 

POS 

MUSC 

POS 



24-37 

5.9 


EXTR MUSC 

6 

5 

4 

n 

3 

9- 8-46 

3-4 









EXTR BONE 

5 

2 

7 

2 

4 

11-15-46 

38-43 

3,3 

3-5 

40%ALC-HCL 

6 

6 

6 

0 






40% ALC 

6 

2 

5 

0 

5 

2-28-46 

44-49 

3.3 

5'" 

EXTR BONE 

6 

2 

6 

1 






40% ALC 

3 

2 

3 

1 

6 

2- 6-47 

50-53 

3.1 

2 











BLOOD 

0 

0 

0 

0 






40% ALC 

7 

4 

8 

2 

7 

2-22-47 

54-62 

5.4 

3-4 









2% CACLg 

8 

1 

8 

2 






40% ALC 

7 

3 

8 

2 

8 

2-28*47 

63-70 

4,4 

3 











2%CACL2 

6 

0 

8 

1 






40% ALC 

8 

6 

10 

7 

9 

4-2-47 

71-81 

8,3 

I-II/4 

I%CACL2 

10 

1 

10 

2 

10 





I%CACL2 

3 

0 

3 

2 

4-3-47 

82-84 

1,2 

I-l 1/4 









1 % NH^CL 

0 

0 

0 

0 


^CONTAINING MACROSCOPIC LESIONS NOT GROSSLY INFECTED 

Pos = positive E\ti = extract 


PROCEDURE 

A summai}’’ of the expeiiments is given in Table I Expeiiments 1 and 2, 
consideied piehmmaiy, aie not included The labbits used weie deiived fiom mi\« 
Zealand and Flemish stiains, and veie maintained on a lation of complete labn c 
supplemented seveial times veekl 3 " with lav caiiots and lettuce 

The substances injected veie piepaied as follows 

1 Extracts The e\ti acts used in Expeiiments 3 and 5 veie piepaied accoi ^ 

method of Anneisten The long bones weie excised fiom fieshl}^ killed labbi s 

matel}'- thiee months old in Expei iment 3, and five months old in Expeiiment ), a 

ciushed to a pulp in a hand mill A tissue mincei was used to piepaie Pdliu 

extiacts of skeletal muscle About 2 5 cubic centimeteis of extiaction ^ 

centimeteis of 95 pei cent alcohol plus 5 cubic centimeteis of 

acid) was added to each giam of pulp and the mixtuie vas iota ted in a gen 

about twentv houi s (some at i oom tempei atui e, some at 1 degi ee centigi a one 

tuie vas centiifuged, the supeinatant fluid was decanted and concentiate 

half its volume m an an stieam at 32 to 35 degiees centigiade (Expeiime^^ through^ 

vacuum desiccatoi (Expeiiment 5) In Expeiiment 5, the extiact was pas 
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Seit? liKoi puoi to (oiKonli idon Tho (oiuditi itod cxtouls u(Me mixed with an equal 
\olnme of noim.d mIibo umnoduteh hofoio midtion, fiom 3 to 5 cubic centimeteis of 
this mixtiiic pci iinivdc' w is injci t(>d 

2 tfro/io/ C^muncicni d'i ppi (cnt ethanol was diliiled to 40 pei cent by volume 
with steiilc distilled w itci In Expciiincnt I, the iiUohol was acidified wnth hydiochlonc 
uul (l')l) (iibii (cntimcleis of 10 pei <en( iholiol plus 5 cubic centimeteis of tenth- 
noun il luduK hloi K u id) 

3 Calniiiii (Vdoiuh due oi 2 pei ceiil uiueoiis (alciiim chloiide w'as steiihzed by 
anted iMim 

4 1 iiloqi iioii'^ lilond In ]<)\ihm iineiit (i, blood was obt lined bv stei ile heai t punctuie, 
md w is injcitcd inti iiniis( nl iih bcfoie it dotted 

5 l»i»io?i?ii))i Steiilc I pei (cnt ammonium diloiide w^as employed in 

Expel imcnt 10 

The \ moils sulist iiites wcic injected undci stoiilo piecautions by multiple-punctuie 
infiltiation into the tiiccps and qii.idiKcps A dilTc'ieiit 22-gauge needle was used foi each 
muscle, and cont ut with the skeletal s^stom was .noided In Expeiiment 3, the needle 
was iiiscitod miinh into tlie mid-iioition of tlie muscle, in Expeiiments 4 and 5, mainly 
into the dist il poi tion In 1 xpei iineiits (», 7, and S, it was mseited m half of the animals m 
the mid-poi tion, in hilf, in the distal poition, while in Expeiiments 9 and 10, the single 
injection was made into the mid-iioition Although not specifically stated by Levander or 
Anneistcn, it is likeh that the leetus femoiis muscle which they injected w'as the second 
01 posterioi poifion of tlio icctus fcmoiis, as descnbed by Bensley Martin Lagos and 
Zaiapico Ronioio, on the othei hand, "stated that thet injected into the antenoi lectus 
muscle of the thigh We Innc in oiii latei expeiiments attempted to infiltiate especially 
the second 01 posteiioi poition Howccei, it waseMclent fi om the extent of the lesions and 
fiom loentgenogiaphic studies, made aftei mtiamusculai infiltiation wath ladio-opaque 
niatciial (diodiast), tint considoiablo spiead of the injected substance throughout the 
muscle occuis legal dle«s of the pi imai y site of injection In view of this, the location of the 
lesions should be gnen moie emphasis than the location of the injection site 

The dilution was consideied the poiiocl fiom the fiist injection (or pie-mjection) of 
an irutant solution into tlie muscles to the time the muscles w’eie excised This peiiod 
vailed fiom nineteen to thiity claj^s (with an aveiage of twenty-five) The eailiei and 
latei stages of the leactions have not been studied in this investigation 

After saciifice of the animals, the muscles w'eie examined roentgenogiaphically in 
stilt and aftei excision Tiansveise incisions weie made about 5 to 8 millimeters apait and 
extending almost thiough the muscle Fixation m Zenkei-foimol mixtuie foi twenty-foui 
houis was followed b 3 '^ washing foi twentj^-foui houis in lunning tap watei Slices, 2 to 5 
millimeteis thick, weie numbeied consecutive^ from the insertion of the muscle The 
slices Weie stored in 70 pei cent alcohol and placed m w^atei foi seveial houis piioi to 
sectioning Tissues which loentgenogiaphically seemed to contain bone weie usually 
decalcified in 6 per cent sulphosalicylic acid foi foity-eight hours, and then w^ashed in 
watei for twent 3 Moui houis Eiom each slice, sections of about 25 to 50 micia in thickness 
were cut on a fieezing mitiotome These w^eie mounted fiom 50 pei cent alcohol onto 
slides, pieviously coveied wnth a thin film of 2 per cent gelatin The sections weie stained 
with Wright’s stain (1 5 giams of Wiight’s stain in 500 cubic centimeteis of absolute 
methjd alcohol), dehydiated, cleaied m xylol, and mounted in claiite 

RESULTS 

The lesions weie usually visible giossW S'S neciotic aieas in the muscles, often chalkj'^ 
m appearance, film to palpation, and opaque to tiansillumination In some instances, 
disci ete, hard nodules weie palpable w^hich proved to be chondio-osseous tissue Grittj 
material frequently w^as encounteied bj^ the knife when slicing the fresh muscle 
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Fig 1-A 


Experiment 6, Rabbit 50 Cartilage occurring in the left triceps tii enty-tluee days after a single 
injection of 40 per cent alcohol ( X 90) New bone can be obsei vcd at the low er right margin of the 
cartilage, endochondral leplacement has begun in the central portion Celloidin section, stamed with 
hematoxylm and eosm 



Cartilage occurimg m the left tiiceps of the same rabbit, twenty-three days a^er a s g J 
of 40 per cent alcohol (X 110) Cartilage cells, often isolated, can be seen m the co 
betw een the muscle fibers Celloidin section, stamed wnth hematoxylm and eosin 
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liislolonicil ipP'"" ui<(M\'is lh,( uludi IS scon af(ci llie mjection of any necio- 
lizing 01 niilnting sohUion ('onli.ilh, in llio moic sovoielj'^ injined legions, the muscle 
fiheis md tlic oonncclnc tissue iMiig hotwcon tlioin woic ncciolic No nuclei weie visible 
m the pink-st lining niiisclc hhois, uid tlioio w.is no evidence of piolifeiation of connective 
tissue hcie Pciiphci.ilh , wheic the d iin ige was less, thcie wms a wndespiead piolifeiation 
of connect i\e tissue wliidi extended between the muscle hbeis Heie, some of the muscle 
fibeis weie neuotie iiul some weie eah died, some showed multinucleate giant cells, w^hile 
othcis ‘ippeiied noimil Nodules of fibious tissue, siuli as those seen in the oiganizing 
stage of gi ninlition tissue' weu' olisi'ned fie(|uentlv whcie the lesion had involved the 
fssciic, tendons, oi higi'i niteimusi ul ii septa 

Cutilagc oieuiiod in the iiewh piolifeiated tonncctive tissue, eithei as disci ete 
nodules of hj dine eiitil ige (Fig 1-A) oi as iggiegalions of isolated, encapsulated carti- 
hgo cells (Fig 1-B) 'Plie i iitil ige w is situ ited between the muscle fibeis, adjacent to the 
dense f isei le oi tendons oi, oee ision dh, within the dense fascia Endochondial ossifica- 
tion w is oilmen ed fiequeiith Vftei injec tion with akohol alone oi with calcium chloiide, 
lufnniusculn nodules of ( hondio-osseous tissue weie pioduced (Fig 2-B) Enchondral 
lephcement of these ( iitil ige nodules In bone ma^ pioduce a stiuctuie lesembhng the 
cortex and moduli 1 of i tubulai bone Ilem it opoietie and fatty mairow often aie present 
Giamdii ci\st dime deposits of lime salts, identified bj'’ the von Kossa method, ivere 
often obsened Such deposits weie found in muscle hbeis, in nodules of connective tissue, 
in the dense f isciae, and in the subi utaneous tissue 1 heie appealed to be no mutual de- 
pendence between these dciiosits of lime salts and the newly foiraed caitilage and bone, 
although the two weie occ ision ill^ obsened m juxtaposition 

T he leutioiis iftei injoc tion of t dcium chloiide diffeied fiom those following alcohol 
(in the coiicentiaf ions complied) mainly in the degiee of neciosis The calcium chloiide 
pioduced moie ncciosis, and wa>i followed by moie intense calcification No ladio-opacity 


was obsened inimedi itcty iftei mfiltiating a muscle with 2 pei cent calcium chloiide 
In Table I, the expeiimeins^une been summaiized and the numbei of muscles satis- 
factoiih injected (that is, without gioss suppuiation) have been compaied wnth the 
number of muscles which weie positive (that is, contained pie-caitilage, caitilage, or 
bone) /Uter f he injection of alcohol alone, twenty-thiee of tlni ty-seven triceps (62pei cent ) 


and twelve of foity quadriceps (30 jiei cent ) weie positive Twm of twenty-seven tiiceps 
and seven of tw'enty-nine quadiiccps weie positive after injection of calcium chloride 

The lelationship of the histological sections to the oiigin and inseitions of the muscles 
is diagiamniaticallj’' lepiesented in Tables II and III, the location of caitilage and bone 
being siipei imposed upon the extent of the lesions Theie was a gieatei tendenej^ foi pie- 
caitilage, cartilage, oi bone to he neaiei to the origin and insertion of the muscles than in 
I the mid-portion No instance of dnect connection of the newly foimed bone wnth the 
t skeleton was obseived While the tables depict onl 3 '’ the muscles w^hich w^eie positive, there 
' were many otheis w'lth fibious prohfeiation but not caitilage oi bone formation 

In Expeiiments 9 and 10, the cartilage oi bone w^hich foimed pioximalty in the mus- 
' cles occuiied more fiequentlj’' in ceitam locations In eight muscles (six labbits), bone oi 
caitilage was found m, oi adjacent to, the posteiioi poition of the lectiis femoiis, next to 
' the dense, veitical fibrous septum situated in the mid-poition of the muscle Similailjq 
the fascia which suiiounds the muscle was a favoiite site foi chondiification (Fig 2-B) 

* In SIX, caitilage oi bone wms located in the long head of the tiiceps Fnm of these showed 
chondio-osseous metaplasia neai the dense fascia on the medial bolder of the muscle 
The sex of the animals appealed to harm no relationship to the incidence of pie- 
! cartilage, caitilage, or bone formation Satisfactoij'' lesions (the various iiiitants listed m 
Table I being used) weie pioduced in ninety-one muscles in male animals, with thiit 3 
positive results (33 pei cent) Of seventy-six muscles in females, twent 3 -six positne 
results (34 pei cent ) wme obtained 
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TABLE 2 



PC« PRECARTILAGE 
C - CARTILAGE 
B -BONE 

^ -GOOD LESION 


M-MILD LESION 
N -NO LESION 
□ •NOT SECTIONED 


EX M - EXTRACT OF MUSCLE 
EX B - EXTRACT OF BONE 
ALC * 40 % ALCOHOL 
AC ALC -HCI' ALCOHOL 


do 0 


Diethjdstilbestiol, admmisteied mtiamusculail}’’ evei}" other da}^ m 2-ini dt 

did not influence the pi eduction of meta plastic caitilage and bone Eleven 
animals so tieated (31 pei cent ) had positive results In the control 
thii t3^-seven (35 per cent ) had positive results The amount of cartilage oi 
same m both groups , gf mot‘ 

In general, jmung animals tended to foim larger and more widespiea 
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E\ppriniont 't, 1} il)l)it SI Two tiodiih s of dioiidio-o^-v ou^ ti^-siu iil evident in the pro\iniaI 
portion of till lift ciuidiipiiis liitr inni‘-( 111 II ind subcutuntous cilrihcations arc especially evident 
in the riRlit liiiib lloi ntf;( iio;:i nil I ikon t\\< nt\-oiRht d i\s after tin injection of 40 per cent alcohol 
outlie left iiiel I pel cent e ile nini e hloiide on the nirlit The hist olonio il appeal ance of the tee o 
iioeliilos IS shown in 1 ij; 2-H 



Fig 2-B 

Large nodule of chondro-osseous tissue ( X 1 1) m the proMmal end of the posterioi portion of the 
rectus femoiis, occurring twenty-eight days after one injection of 40 per cent alcohol The nodule 
lies adjacent to the dense fibious septum which extends deiwn the middle of this muscle A smallei 
nodule is seen in the contiguous muscle Frozen section, »\ rignt s stam 


plastic cartilage and bone In Expeiiments 6, 9, and 10, the animals were less than twm 
months old, and w^ere appieciably smallei than those m the other expeiiments Of fifty 
muscles wnth adequate lesions, tw^enty-one gave positive results (42 per cent ) On the 
other hand, of 117 muscles in the oldei animals, thiit 3 ^-five positive lesults (30 pei cent ) 
"eie obtained 
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PC. PRECARTILAGE 
C • CARTILAGE 
B . BONE 

GOOD LESION 


M-MILD LESION 
N.^NO LESION 
□ •NOT SECTIONED 


EX M • EXTRACT OF MUSCLE 
EX B • EXTRACT OF BONE 
ALC . 40% ALCOHOL 
AC ALC - HCI-ALCOHOL 


Foiced exeuise of animals aftei injection of the iiiitant substances incieasecl the"' 
cidence of bone and caitilage foimation, also, the amount of chondi o-osseous 
tended to be gieatei in the e\eicised animals In E\peiiments 7, 9, and 10, some o 
animals "tteie exeicised in a lotatmg cjdindiical cage Of thii t 3 '^-nine adequately 
muscles m the exeicised labbits, eighteen (46 pei cent ) gave positive lesults, as 
vnth eight of thiit3r-five (23 pei cent ) foi the non-e\ei cised contiols Fiom Tab es 
III, the ividespiead incidence of caitilage and bone m the muscles of some of 
animals can be noted In animal 57, vhich vas e\ei cised intensively, both 
quadiiceps contained caitilage, eithei alone oi in combination with bone, which iias 
widely distiibuted m multiple foci than was seen m any othei expeiiment 


DISCUSSION ^ ^ 

On the basis of the lesults of these expeiiments and those cited 


the existence of a specific osteogenetic substance in alcoholic extracts of cai i 
has not been established Caitilage oi bone has been obtained by the mjec i^^ 
specific substances Although Levandei, Annersten, and Beitelsen obtaine 

^ •*- v.oiClTllCU < 


caitilage m animals injected with alcohol alone, Mai tin Lagos ana 
obtained positive lesults in seven of eighty-seven labbits (S pei cent ) „ 

positive results m one animal injected Avith extiact of tendon, m one, 
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muscle, uul in (wo, with -i ealcium-pliosplioius-altoliol mivliiie Bone and cartilage oc- 
cuiicd 111 one of Boilelson’s conlioK wliidi had been iniected with extiact of hvei In the 
oxpcninenls lepoited heie, eutiligc iiid bone, alone oi in combination, w'^ei e produced in 
(wcii(\-(hice of (weii(\-se\cn liiceps (()2 pei cent ) and m tw^elve of foity quadriceps (30 
pel cell! ) In (he inliaimiseulai injection of ilcohol alone‘s 

The eiiteiia foi positne leMills h ivc not been unifoim among woikeis in this field 
Main of the ilhisti itioiis of Le\ uidci and Aiineisten show unmistakable mature caiti- 
hgc iiid bone Vniieisten pieseiits an ilhistialion (page 41), showing a transition stage be- 
tween ^ oiiiig eonnec (i\ e tnsue iiid e n Iv eai tilage Foi the calculation of positive results, 
he docs not sf itc at what s( ige in (Ins liansition lie considered a tissue to be cai tilage 
Such a decision is often diflic iilt Bei (clsen, w ho obtained cai tilage oi bone in twenty-nine 
of sixty injected muscles, s( ites (page 105) “The changes, how'evei, weie as a lule limited 
to smill isl inds oi sticaks in the excised tissues, they w'eie spaise, but still veiy chaiac- 
teristic Apiit fiom one oi (wo cases, howovei, (he caitilage found was not ‘mature’, 
large-celled, but sm ill-celled of foetal (\pe with connective-tissue-Iike cells ’’ In oui sec- 
tions, too, thcic ippeaied an intci mediate tissue in wdiich the matrix took a pale blue- 
green coloi with Wiight’s st nil and w is laigei in amount than in typical fibrous tissue 
This tissue w IS simil ii to e ii ly cai tilage, and was often seen near areas of mature cartilage 
Howe\ci, since it was dso obsened often in these muscles wuthout mature cartilage, it 
has not been consideicd “ pi e-cai tilage” in evaluating lesults Eaily capsules have been 
eiident in the tissue wc have classified as “ pi e-cai tilage” 

While the mechanism of this leaction is completely unknowm, all wmrkeis agree that 
injury sufficient to cause piohfeiatne icpaii is essential Levander obtained negative 
results in ten muscles injected with iqueous extiacts of bone Oily extracts, which caused 
little cellulai pi ohfei at ion, pi o^ ed negative foi Anneisten In our experiments, autogenous 
blood, which was lesorbed w itli x ei y little leaction, yielded negative results Levandei and 
Anneisten emphasized the necessity of obtaining sufficient oiganizmg connective tissue, 
and, in testing many of then extiacts, they used a “pie-injection” of 40 per cent alcohol 
to obtain this Likewise, all agiee that extensive neciosis, especially if accompanied by 
suppuration, is detiimental to the foimation of ectopic bone and cartilage Annersten has 
emphasized this point In spite of extensive piohfeiation of connective tissue at the periph- 
er}' of abscesses, bone and caitilage did not form in such legions in any of oui animals 
It IS self-evident that a minimal amount of time must elapse followang the injuiy for 
bone 01 caitilage to appear Although Annersten lepoited thiee positive lesults at eight, 
nine, and elexmn days, bj'’ fai the majoritj’’ of his positive lesults xvere obtained in animals 
killed seventeen daj'^s oi longer aftei injection The saciifice of his controls injected xvith 
alcohol alone, oi with alcoholic extiacts of autoclaved bone, ten days after injection (with 
negative lesults), may Iiaxm allowed too short a time inteival Levander did not state the 
time intervals foi anj"^ of his contiols, all of wdiich xveie negative 

AVheieas the age of the animals is an impoitant consideiation in evaluating lesults, 
neithei Anneisten noi Levandei stated the age oi wmight of the test labbits used Anner- 
sten did mention that the extiacts weie piepaied fiom labbits thiee to six months old 
We have obsei ved cai tilage i emnants in all instances m wLich bone w as found, and 
have nevei observed bone alone Theiefoie, we believe that the piimaiy tissue found m 
this mtiamusculai ossification is caitilage, xxuth subsequent appearance of bone both by 
endochondral leplacement and by mti amembranous ossification With alcohol alone oi 
'nth calcium chloiide, w'e have obtained intramuscular nodules of chondro-osseous tissue, 
"hich show as much oiganization as that which Lacioix'"= ascribed to his alcoholic 
extracts of epiphj'^ses of youngei rabbits (Fig 2-B) 


* Since this article was submitted, Hartley, Tan^ and Schneider ° ^ 

three of eleven mature rabbits, fifty-three days after the injection into the thigh muscles ot alcoholic extract 

of the ends of the long bones of young rabbits 
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It IS unfoitunate that the seaich foi the hj’-pothetical substance has been confined 
laigelj" to the labbit since this species has manifested a high incidence of ectopic carti 
lage and bone in many oigans, folloi\ang a mde vaiiety of expeiimental pioceduies Se\cn 
obtained caitilage oi bone in five of fifteen labbits (33 pei cent ), following repeated intra 
musculai injections of quinine hydiochloiide Cartilage oi bone has been obsei ved m the 
muscles of labbits, following injections of calcium chloiide^®, follovang tiaumatization 
® and follovnng tiaumatization plus injections of bone autol 3 '^sates Aftei injection 
of foimic acid into the vitieous bodjq Imai found bone in the eyes of tvelve of twenti 'i\ 
rabbits (46 pei cent ) Engelstad obsei ved that roentgen iiiadiation, sufficientlj'^ intene 
to cause degeneiative pulmonai}'- changes, A\as followed bj'^ bone foimation in the lung 
of fifteen of twentj’^-eight i abbits (53 per cent ) Aftei application of silvei mtiate or copper 
sulphate to the abdominal aoitae of ten labbits, Hai vey obtained bone in five and osteoid 
tissue m thiee 

The claim of Blum that locallj'- injected phosphatase leads to the foimation of ectopic 
bone is open to question His alginate gel-phosphatase mi\tures contained a highljnrritant 
concentiation of calcium chloiide Since von Seemen stated that Goto had obtained 
ectopic bone in labbits bj^ the injection of calcium chloiide, and since we have obtained 
bone 01 caitilage, oi both, in tvo of twenty-seven tiiceps and seven of twenty-nine quadn 
ceps with calcium chloiide, it seems piobable that this is the lesponsible ingredient m 
Blum’s mi\tuies lathei than the injected phosphatase 

SUAIAIAEY 

1 Following intiamusculai injection into labbits of alcohol alone, twenty-three of 
thiitA-seien tiicepN (62 pei cent ) and twelve of foity quadiiceps (30 pei cent) contained 
caitilage or bone, alone oi m combination 

2 Tvo of twentj^-seten tiiceps and seven of twenty-nine quadriceps contained 
caitilage oi bone oi both, following injection of calcium chloiide 

3 Theie is a gieatei tendencj’’ foi pie-caitilage, caitilage, and bone to form near the 
origin 01 the inseitions of muscles than in the mid-poitions 

4 Youiigei animals (one month old) formed laigei amounts of moie mature cartilage 
and bone than oldei rabbits, following injection of alcohol alone oi of calcium chloride 

5 There wab no appreciable difference in the fiequencj’’ of bone and cartilage on fie 
basis of sex 

6 Diethvlstilbestiol, in the dosages used, did not influence the course of the intra 
muscular leactions 

7 The incidence and extent of intiamusculai cartilage and bone was increased 
exeicismg the animals 

8 Intiamusculai caitilage and bone foimation was not observed if suppuration 
curied as a lesult of the injection of the iiiitant solutions 


CONCLUSIONS 

1 In the rabbit, ectopic chondiification and ossification frequently folio 
musculai injection of nutating substances,— such as alcohol, calcium chloiide, orm 
w'hich contain these iiiitants 

2 Intramusculai injection of extracts of bone, caitilage, oi muscle does 
cartilage oi bone moie fiequently oi moie extensively than does the extracting 
The existence of a specific osteogenetic substance (“osteogenin”) m extracts o 


tissue cannot be accepted as proved 

, p , for 

Note The authors wish to thank Franklin C McLean, hi D , and C Howard Hate er, i 
advice and suggestions throughout the course of this investigation 

* Recently Pfeiffer has injected alcoholic osseous extracts into the testes of mice, but ha 
cartilage or bone 
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THE GROWTH OF THE BONE MARROW * 

BY PIERRE LACROIX, M D , LOUVAIN, BELGIUM 


From the Department of Anatomy, University of Louvain 

Among the numeious papeis on bone maiiow listed in the Index Medicus, only ttial 
of Huggins and Smith is conceined with the question of how maiiow glows, as compared 
with grovth of the othei paits of the bone These authois stated that, follomng intra 
venous injection, thorium dioxide becomes fiimly fixed m the bone mairow, in the younj 
animal, subsequent aieas of maiiow giowth are thorium-free, allowing recognition of the 
new tissue by loentgenogiaphic and histological techniques The conclusion is draini 
that the bone mairow increases in length piincipallj'' at the metaphyses, and growain 
thickness at its circumference 

The author has repeated these experiments, and the results, w^hile confirming m the 
mam the conclusions of Huggins and Smith, include additional information which ma\ bo 
woith recording 


EXPERIMENTS 


Ten six-w^eek-old labbits weie injected intiavenousl}'^ with an electi onegative thorium 
sol (thoiotiast), containing approximately 25 per cent of thorium dioxide Attwodai 
intervals, they received four injections totaling 10 cubic centimeters, oi about 20 cubic 
centimeters pei kilogram No immediate ill effects veie observed, it is well known that 
some months elapse before the toxicity from this substance develops 

On the day the injections iveie completed, the medullary cavity seemed blurred on 
the roentgenogiaphic film One of the animals vas sacrificed and examined histologicalh 
Scattered among the othei cells, the histiocytes of the marroiy were found to haveac 
cumulated particles of thoiium The giowth of the other nine animals has been obsenw 
and identical results hay^e been noted m all 


Foui days after the last injection (Fig 1-A), a cleai area began to appear 


in 


(Ilf 


mariov about the shadow of the thoiium-laden portion of the tibia This shadow ha f 
same shape the medullar 3'^ cavity had had a few da3'^s before Thirty days later (Fig 


the clear zone had enlarged everywhere The shadow had kept its transverse 


diameter 


whether tbi 


but had definitely increased m length 

It IS difficult to decide, even ivith the aid of histological examination; 
longitudinal giowth is the result of intussusception all over the maiiow 01, as 
of a central lacuna suggests, of the f 01 matron of new tissue at the place where tien 
artery enters the marrow „ 2l 

The same desciiption applies to the other bones In the radius and ulna ( 
and 2 -B) the inequality of giowth between the foie legs and hind legs emp 
following observation The clear zone between the end of the medullary sha 
end of the medullary cavity enlarges, m each case, at a rate which is exactly pi V 
to the late of giowth of the neighboring epiph3'^seal cartilage 

DISCUSSION jf 

The evidence given here can only concern the giowth of the maiiow, inn 
thorium-laden cells may be assumed to remain in the same place fiom 
the end of the experiment Lambin has shown that the marioiv attempts sr 

histiocytes which have accumulated particles of thorium, they slow'^y mig 
toward the axial region of the maiiow'^ 


* Received for publication November 18, 1948 
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Fig 1-4 Fig 1-B 


Fig 2-A Fig 2-B 



Fig l-\ Roontgenogrim of tlie tibia of a joung rabbit, four days after collation of intravenous 
injections of thorotrnst V clear area has begun to appear about the thorium-laden portion of the 


marro\\ 


Fig 1-B Thirtj d i\ s liter, the clear area his enlarged and the medulla^ ^ 

Fig 2-A Same experiment Roentgenograms of radius and ulna, four da^s “to 

Fic 2-B Thirtx davs later, the clear zone around the medullary shadow has enlarged and the shadow 


Fig 2-B Thirtj davs later, the clear zone 
Itself lias increased m length 


We think, nevei theless, that the i oentgenogi ams of Huggins and Smith, togethei 
With ouis, may be considered as giving a true picture of the tvay mairotv giows, piovi e 
only those i oentgenogi ams aie compaied tvhicli have been taken at rie mteiva s ur 
pnncipal leason foi this belief is that theie is an accuiate lelationship between the late 
of grow'th of a given epiphj'^seal caitilage, on the one hand, and the i ate at w ic e same 
cartilage grow's awmy fiom the medullaiy shadow^, on the ot ei an e a eina ive 
explanation would be to admit a migration of the histioc.ytes, diffeient m rate and m 
diiection in eveiy case, — an explanation which must obviously be iscai ® 

We may conclude, the.etoie, that the bone mallow grows by a combined P™'*® “ 
peiipheial addition of new tissue and mteistitial giowt i ( en spea mg 0 i 
growth, however, we must leave unanswered the question of whether we deal P"'f”m 
mtussuseeption ir with a kind of breaking up in fragments whieh have aobsoquenUy 
drifted apart) The groivth ot the mairow thus appears as 

growth of the bone tissue, which is exclusively a peripheral effect, and that ot the pe - 

H^nd sS eiasised the pei.pheia, ^''‘^^‘^-Te^pal” iSw 

Its interstitial growth In the ‘“"YT e^ B wi present stadv that 

the femui noi the tibia is showm in its entiiety 1 PP 
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a moie complete picture of the phenomenon is gamed by a comparison of bones whicli 
have been x-rayed in then entii e length 
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EXPERIENCES IN THE USE OF HOMOGENOUS (BONE BANK) BONE* 

B'i JAMES B MEWER, M D , KANSAS CITY KANSAS 
From the Oithopacdic Service, Umveisity of Kansas Medical Center, Kansas City 

The U'C of homogenous bone giafts is not nev , lepoits concerning these grafts hi' 
appeared in the liteiatuie fi om time to time The impetus foi the modern use of preser'f 
homogenous giatts vas piobabh' given by Incldn’s lepoit, published in 1942, aided b' tt 
tremendous stndes m the manufactuie of “deep-fieeze” equipment and in researches 
ceining the tieezmg and stoiing of foods At present many clinics, both in this countnic 
abroad, aie experimenting vith homogenous giafts, tistiall}’’ preserved b3Mieezing5^ 
stoiing lit a so-oalled bone bank Optimistic lepoits haxe ahead}'’ been made "i ' 
they gne ^lant attention to the use of massive giafts, paiticulaily m the repair of 
union of bait lues 

It IS the pui pose of this paper to piesent a lepoit of foity-nine operations upon or^ 
SIX patients m vhom homogenous bone, piesei ved m a frozen state, vas used for gw ^ 
This senes includes all patients operated upon betveen Jul}" 1, 1946, and Septem e 
1948, vhose end result, as regards success oi failure of the graft, is knovn 


SELECTION OF C tSES 


No attempt ivas made to select faxmiable cases Frozen homogenous 
foi all patients m need of bone-giaftmg, who presented tliemseEes during t 
this study Patients entering the Medical Center are, as a lule, lefeiied 
vious failures and complications, or because of the seventy of the jitot’E 

erally unfaxmiable piognosis Of the foity-six patients m this senes, ten ha lii 
sixteen previous bone-giaft operations, all with autogenous bone and all fai jp’ 
three patients had each had from one to four operations, other than operat 

site of subsequent suigei}'^, and sixteen patients had had gross infection a 
site In evaluating the results, these figures should be borne m mind The 
this study was to put the use of pieseiA''ed homogenous giafts to a rigorous 
felt that m this series of cases that purpose w'^as achieA’’ed 

* Read at the Annual Meeting of The American Aendenw of Oithopaedic Surgeon , 

Januarj’’ 26, 1949 
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SUIU.U’AE IMBX I OUUI S 

No ittompt w IS nndo lo follow .i sol p.illoiii ol opoialive pioceclute, but lathei to 
(IV MS mm\ (iiflcionl h pos of }ri ifts uul (oolniKpics as tiio maleiial at hand peimitted 
Tluib, 111 isbi\ 0 gi ifis w 01 0 used as oiil ivs, inlays, iioiio pegs, dual giafts, and m the Phemis- 
tei (tpo of gi ifl, liolh with and witlioul llic addilion of bone chips The plentiful supply 
of donoi bone poiiiiitlod (ho (nil of now pioioduios, such as aithrodesis of the shoulder 
joint III (hi 00 ciscs, (o bo dosmbod Vll palionis icicned pioph3''lactic doses of penicillin, 
iisinllv o\oi i poslopoia(i\ 0 poiiod of seven to ton days The tw^o patients wuth tubeicu- 
losis iccci\od stieptonn 0111 

Most of (ho suigon w is done 1)3 (ho ludioi oi by membeis of his house staff How'- 
o\ei, bone w is used foi i few lasos on odioi soivkos a( (ho Medical Center, and seveial 
operalioiis woie done in otlioi liospit ils In all, (hoio weie ten opeiating suigeons 


DOiNOU BONE 

P)ocincmcnl of Bom 

Donoi bone w is sccuicd fioiii pitioiils at opoiations in which bone was lemoved 
tint is, cloin anipiit itioiis, iib icscctions, c( colcia — and fiom fiesh cadaveia In all in- 
stances, (he donois h id h id nogatno sciologital findings and weie fiee fiom any known 
nfectious disc no, m iligii iiit lesion, oi blood ch'sciasii Cadacei bone w'as secured only 
roni young idults who li id iiict i sudden (lauinitic death Bone was lemoved fiom the 
adavei within two lioiiis aftci dcith and undei as neai opeiating-ioom technique as 
possible, the chief diffeiciuc being tli it the suigei 3 '' was done in the moigue lather than 
n an operating room 


Uclhod of Proccs$)vg Bone 

The bone foi stoiage was taiefully denuded of soft tissue, the peiiosteum being left 
ntact, if possible In the case of coitical bone, poitions weie then fashioned with a motoi 
aw and osteotome to the piopei size foi use as massive giafts Caipal and tarsal bones, 
diich were to be used as a souicc of cancellous bone, weie stoied as such Femoral con- 
3des are an excellent souice of cancellous bone, and, when available, the condyles ivere 
ectioned into poitions most likely to fuinish enough bone for one opeiation Ribs were 

tored singl 3 ’’ and intact r 

In the fust 3 eai of this study, the sectioned bone was enclosed m sterile wrappers of 
otton cloth and then in sterile oiled silk, and was appiopi lately labeled Stoiage was in a 
eep-freeze unit m which the tempeiatuie was held to minus 40 degiees centigra e y 

le addition of di 3 '- ice _ , , ,,, j ^ 

During the second 3 '’eai , bone has been placed in sealed glass o es, 
lethod of Bush, frozen, and stoied in an ice-cieam-storage cabinet in which the tempera- 
ire IS kept betw^een minus 20 and minus 25 degiees centigiade T ere as een no ^ 
ole difference in results betw een these two methods, but it is believed that Bush s method 
bottling is supeiior, because one is able to view'^ the bone an ® moie accura e s 
ons as to the size and amount desired foi a paiticulai operation No presei vative chemi- 
ds, or bactericidal or antibiotic agents w^ere used Culture stu les were no (me 

y .ce I„ both coses, more than t.-elve 

fore the bone wms again placed m a deep-freeze mevious fail- 

good condition In one instance the operation w'as success u , 
es wath autogenous bone, the result is not yet Imown in the othei 
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TABLE 1 

CONDITION 

PART 

NO 

SUCCESS 


HSBBI 

UNUNITED 

FRACTURES 

TIBIA 

9 

6 

HBHB 

imsiii 

ULNA 

5 

3 

2 

0 

RADIUS 

4 

3 

1 

0 

FEMUR 

4 

3 

1 

0 

HUMERUS 

2 

2 

0 

0 

TOTAL 

20 

14 5 (72 5%) 

5 5 (275%) 

2 (10%) 

BONE 

DEFECTS 

TUMORS 

9 

9 

0 

0 

OSTEOMYELITIS 

2 

1 

1 

0 

TOTAL 

m 

10 (91%) 

1 (9%) 

0 

ARTHRODESIS 

OF 

JOINTS 

SPINE 

6 

6 

0 

0 

HIP 

4 

4 

0 

1 

SHOULDER 

3 

3 

0 

0 

ANKLE 

1 

1 

0 

0 

TOTAL 

D 

14 (100%) 

0 

1 (71%) 

MISCELLANEOUS 

BONE BLOCK 

2 

1 

1 

0 

OSTEOTOMY 

2 

1 

1 

1 


TOTAL 

4 

2 { 50%) 

BSII 


GRAND TOTAL 

49 

40 5 (82 6%) 

8 5 (173%) 

4 (8I%)_ 


Indications for bone-grafting and results in forty-nine opeiations 


Length of Stoiage Time 

The length of stoi age time befoi e use has vai led gi eatly The shoitest peiiod was thrcf 
days and the longest, 308 da 3 '^s (ten months), botli cases weie successful In seven m 
stances, the sloiage time was ovei si\ months, the aveiage time foi the entire series w 
134 da 5 ^s (over foui months) Length of stoiage time appaiently has had no effect on t e 
success 01 failuie of the giaft 

In the expeumental laboiatoij'’, giafts applied to labbits, in "which the 
used aftei eighteen months of stoiage, have been successful No attempt has beenwa 
to use bone that has been stoied a longei length of time 


STATISTICAL DAT -i. 

The foity-nine opeiations in tins sui vey have been analyzed as to the indicatio 
bone-grafting, the success, failuie, oi complication of infection being noted m eoc 
An operation foi non-union at times involved twm bones, such as the radius 
hence the total numbei of bones operated upon is gieatei than the number o ope^ 
(Table I) Foi the same leason, fiactions appear in the totals In one (p 

of the ladius and ulna was done wuth lesultant union of the ladius and non uni 


ulna Thus, one-half unit w'as allow^ed foi each success oi failuie 
Of the nine tumoi cases, eight w’^eie either giant-cell tumor oi 


solitary cyst, 


and 


was metastatic caicinoma 


and 


JOInW 


eoBC'-" 
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TABLE 2 

TYPE OF GRAFT 

CONDITION 

NO 

SUCCESS 

FAILURE 

INFECTION 

MASSIVE 

NON UNION 

13 

9 5 

3 5 

2 

BONE DEFECTS 

2 

I 

1 

0 

ARTHRODESIS 

4 

4 

0 

0 

MISCELLANEOUS 

4 

2 

2 

1 

TOTAL 

23 

16 5 (71 8%) 

6 5 (28 2%) 

3 (13%) 

COMBINATION 

NON UNION 

7 

5 

2 

0 

BONE DEFECTS 

3 

3 

0 

0 

ARTHRODESIS 

5 

5 

0 

0 

TOTAL 

15 

13 (86 7%) 

2 (13 3%) 

0 

CHIP 

BONE DEFECTS 

6 

6 

0 

0 

ARTHRODESIS 

5 

5 

0 

1 

TOTAL 

II 

II (100%) 

0 

1 (9%) 

GRAND TOTAL 

49 

405(82 6%) 

8 5 ( 17 3 %) 

4 (81%) 


Tj pc of grift emploj cd nnd results 


The artliiodesiiig opciations of the spine weie peifoimed foi either scoliosis or spon- 
dylolisthesis Fusion of the hip was done on one patient with tubeiculosis, the othei fusion 
opeiations weic done foi painful aithiitis In one case each of tubeiculosis, flail joint, and 
chronic lecuiient dislocation, fusion of the shouldei was done 

In the miscellaneous gioup, the two bone-block pioceduies w^eie the Thompson oper- 
ation to hold the thumb in abduction The two osteotomies w'eie for the coriection of de- 
formit}'^ of the tibia, in eacli case a iib was placed beneath the peiiosteum, on the posterioi 
surface of the tibia 


TABLE 3 

DONORS 

CONDITION 

NO 

SUCCESS 

FAILURE 

1 

INFECTION 

fresh 

CADAVER 

NON UNION 

9 

7 5 

1 5 

1 

BONE DEFECTS 

5 

5 

0 

0 

ARTHRODESIS 

3 

3 

0 

1 

TOTAL 

17 

15 5 (91 2%) 

15 (88%) 

2 (117%) 

PATIENTS 

NON UNION 

1 1 

7 

4 

1 

BONE DEFECTS 

6 

5 

1 

0 

ARTHRODESIS 

1 1 

II 

0 

0 

MISCELLANEOUS 

4 

2 

2 

1 

TOTAL 

32 

25 (78 1%) 

7 (219%) 

2 (6 2%) 

grand TOTA 

L 


40 5(82 6%,) 

85 (173%) 

4 (8 1%) 


Comparison between donor bone from patients and from fresh c'lda^era 
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satisfactoi}^ lesults veie obtained aftei joint fusion (100 pei cent succc'Nfu!) 
and in the lemed}’- of bone defects (91 pei cent successful) Hoiievei, the successes 
the treatment of non-union (72 5 pei cent ) aie not so good In the entire group, the 
V ere 82 6 per cent of successful results The infection rate was 8 1 per cent , a high figur 
The same series of opeiations are presented in Table II, which shows the t^-jici 
giaft employed and the lesult as to success, failuie, or infection As previousl}' statei 
massne giafts weie used m various w^ays Combination grafts w^ere those in winch, i 
addition to a massn e graft, either bone chips or “bone meal” w^ere used wnth the e\pre 
puipose of filling a bone defect Bone meal w'^as made by running cancellous bone chip^i 
ribs thiough a coaise meat giindei Chip giafts, as the name implies, w^ere made up i 
cancellous bone obtained with the longeui, curette, or bone cutteis Bone meal is include 
under the category of chip graft 

Although chip grafts appealed to be much more efficient, on the whole, they wci 
used in cases with a more favoiable prognosis 

Table III piesents a compaiatii e study of the efficiency of donor bone from patica 
and that from cadai era The results indicate a higher peicentage of success with theu 
of cada^ ei bone This superiority is stiengthened by'^ the fact that more than 50 percen 
of the opeiations in which cadavei bone was used weie foi non-union of fractures, wine 
are the most difficult cases On the other hand, only’- 35 per cent of the cases m wine 
patient bone was used were m the non-union group It is difficult to understaud ho 
cadavei bone could be moie efficient, except that it offeis a method of obtaining larj 
quantities ot the paiticulai type of bone desiied The percentage of infection in theopc 
ations wheie cadaiei bone wa's utilized is about twice that m the senes where patici 
bone w as used 





Fig 1-1 Fig 1-B Fig 1-C 

Case 3-F Roentgenogiams show progiessive healing of second giaft it on^hal 
five months, ind ten months The view at ten months (Fig 1-D) shows fiactuie oi b 

TrtTvr SLPb 


Fig 1-F 
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< ASI UIiMiHIs 

Foifi/it'? 

C^''I 1-1 M < "‘’Ilian, tliiil\-foiii (lid lind sus( nnod a oompoiind fracture of the left femui, 
twLiih MS month- Ix'fou' idmi-Mon \n ope n udmli.in u ,s ,l„n( uiih a mctal-plate fi\ation, non-union 
accumd 1 h(' pliti " i- uinoM’d, with n-iilt ml infuiiDn A -iiilahh time iftei diainage had ceased (and 
about 1 M 11 lu'foK' ulmi-inn), m iiitop nous onl u licm graft liad been applied This resulted in failure 
On Tune 17, 1017, i du il gi ifl \\ i- ipplti d, filiuhn liom lumgusidfoi massive giafts and tarsal bone for 
cincellous bone (hips 1 he remni w m di n-e ind selii„tic it tlu fiacturc site An attempt was made to 
pn -erie length In filling tin* g iji In Iwi i n the boiii ( nds wit h bone chips In the caily months after surgery, 
rOLiitgeiiogrims wire uieoiingmg, hut absoiption of thi giift it the fiacture site finally occurred At a 
liter opcmlion, re-iduil gnfl- wire numned, In mieio-iopu t\imination thej weie considered dead bone, 
in the mluro of a -equistn 

This \\ 1- un unf i\ oi thh’ t tso uul ( li(> Icn Iniuiuo w as faulty It would have been better 
(o htto let opted sboiteuiUR of iIk* eNlieinih 

C\sF 2-1 1) iS , i lhlrte(u-^( ir-nid bov, fi icluicd liotli boms of the light foreaim Aftoi several at- 
tempts It clo-id rcduelioii h id f nli d, in opi n u dm don w is done and the fragments were wared togethei 
Non-union re-ulted A homogenous nli gi ifl \\ is i.npli(d on M n 20, 1947 The use of nb in this instance^ 
without addition d int< mil fi\ ition, w is mdroi injudgnuni llnic w as a good deal of tension on the graft 
at the fracture site (in sen ws pulled f hiougii flu gi ifl , and displ lei mont of the fragment with subsequent 
non-union occurred \ steoiid ill( mpl it boiu-gi ifling was made on Fi binary 24, 1948, with homogenous 
fibula from a fresli end ner Isiiisfutori grift w is ifii\( d to the ridius, but absorption had taken place in 
the ulna and it w is impnssilih to nfiis a suit ibU gi ifl With sen w- \ dual gi ift was, therefore, applied, and 
was licld in pi ire with chrnniir ( at gut I he gr ift of tin i uliu- beeinu st h lotie, hut bone budged across the 
fracture silt and union took iilaec I'nion did not oeeiii in the ulna 



F’g 2-A Case 5-F Showing non-union of tibia 

big 2-B One w'eek after application of dual giart nnpi tUnn Proaressue de- 

2-0 snd 2-D Four months &sd seven months, respectiveb, aftei opeiation Progressue ae 
struction of the tibia from osteom> ehtis may be not^d 
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C A.SE 3-F W B , a man, thirty-five years old, sustained compound fractures of the right tibia act 
fibula He vas treated with Stader splmts, non-umon resulted After fourteen months a sliding bone m!i 
vas inserted, also resulting in failure He nas admitted to the Medical Center, where, on Mai 13 iQi, 
a homogenous bone graft was applied Dual massive grafts of the ulna were used, with chips from'cirn<! 
bones to fill the space betw een the bone ends This patient’s cast w as changed tw o w eeks after the opcratioc 
at that time the wound was clean, the stitches were removed, and he was dismissed from the Hospitil H 
failed to report foi after-caie until several months later At that time he stated that, the week after Icanr, 
the Hospital or thiee weeks aftei the operation, he had removed his own cast, put on an old brace startnl 
full weight-beanng, and gone to work as a filling-station attendant Of course, non-union resulted ' 

A second operation was done on February 25, 1948 Dual onlay grafts of tibia from a fresh cadavir 
were used with cancellous bone chips from tarsal bones The patient’s cooperation w as somewhat better It 
time After seven months, the cast was replaced by a brace, but w eight-bearmg was not permitted (Fig 
1-A, 1-B, and 1-C) How ever, the patient began full \\ eight-beanng without his brace A month later, ivliilf 
carrinng a trunk up a flight of stairs, he stumbled and fractured his tibia through the site of the graft (fit. 
1-D) A cast w as applied, but he again failed to report for observation and it is understood that he entcrd 
a Veterans Hospital 

Failure of the fiist attempt was due to lack of cooperation on the part of the patient, 
ibut the opeiation is fistecf as a faifuie The second attempt is considered a succe 

Progressive union and filling m ol 
the bone defect were taking place 
until destroyed by this patient > 
carelessness 

Case 4-F E D , a man, fift) fiu 
years old, suffered compound fracture o' 
both tibiae on August 6, 1947 Immcdisle 
amputation of the left leg was necc"ar' 
The wound of the right leg became grovlf 
infected After a period of time, drama? 
ceased and the wound healed, although 
union took place at the fracture site j 
Tune 3, 1948, a dual graft was applied anj 
infection again ensued A small area e 
tissue loss appeared over the tibia, t ' 
infection seemed to be mild in character 
An attempt was made to cover the ^ 
nuded area wnth a skin flap, but this us- 
Fig 3-A also a failuie The grafts became =05®^ 

Case 1-8 Pieopeiitive roentgenogram showing tuber- trated and there was obvious oste 
culosis of the shouldei joint of the tibia 




Fig 3-B , dence of 

One month and five montlis after surgery, there is climcal and roentgenographic eii 

OivT 
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Cv'ii 5-1 11 I, i Him, fif(\-(>inlil 

cirsoid, niffdoil \ smiph fi idtiro of llu 
ifl (ibii on October 'i, 1017 Opm udm- 
lonwisdonc ind tlu olilKpn fintnn wns 
i\id witli two lone s(nws Non-union 
(siiltid (1 It; 2-\),but itnotmii followint; 

III, opt n uduction did tins iiitunt show 
in CMiIcnco of infi ( tion Onlilniiiu 20, 

04S, 1 dud grift w is ijiplii d, tilnil bom 
rom i fricli cidnir bung iisi d ^ft(l 
''mo\il of till bom siuw, i snigli diopof 
ii« W 1 S oMided V iiiltim wiis t iki n. 

Inch wii litir uportul is iiositm fm 
tapluiJococni\ aurem \ niild infution 
jllowed, consisting elm (li of tissm> hiss 
icr the tibn An nttomiit w is ni idi to 
o\er the iroi with shm fl ijis, but this w is 
nsucccsbful Si qui strition of tin gi ift 
nd ostconnelitis wire tin result (1 igs 
-C ind 2-D) 

C\SE 6-r V S, I so\cntccn- 3 cir-old 
irl, hid hid 1 lirge cj st renio\cd from tlip 
landible, ostconn clitis ensued 1 lirtc bom 
rifts hid been done, prior to idinission On M i\ 0, 19 IS, a rib was use d in an attempt to fashion an alveolar 
idge, so lliat i prosthesis might be fitted 'I his grift was absorbed, although no infection was present 

This t\os u niost unfit 01 ihlo tnsp ns httlo bone leinained in which to fasten a graft 

CvsE 7-F I K , in cighlccn-\iir-old bo}, w is admitted with a malumted fracture of the tibia An 
stcotomj was done on Mat 20, 19 IS, for conection of the deformity A metal bone plate was applied to 
old the tibia in correct iinsition, mil a nb was slipped bcncith the periosteum, on the posterior surface 
he postoperatn c course was uneventful At eight weeks, when the cast was changed, ulceration was found 
1 the wound o\ cr the tibia Tlicrc w as mild drainage foi several weeks, and the skin healed Roentgenograms 
bowed bone loss in (he nb graft, which was evidcntlj the site of infection Non-union resulted 

Case 8-F W P , a tcn-ycar-old boi , had an adduction deformitj of the thumb, due to cerebral palsy 
i Thompson bone-block operation was done on Maj 20, 1948, a metacarpal bone being used between the 
rst and second nietacarpals One end of the graft was absoibcd, and displacement followed There was 
0 infection 



Fig 4 

Ion months altir surgical fusion of a shoulder Meta- 
t ir-il bom was used is the bone peg 


It IS believed tliat faulty technique w'as laigely lesponsible for this failure 


Selected Successful Cases 

Case 1-S C K , a negro man, twenty-eight jears old, had arrested pulmonary tuberculosis, and active 
■^uberculosis of one kidney and the left shoulder First a nephrectomy was done and then, on April 20, 1948, 
n arthrodesis of the right shoulder The shoulder condition had been rapidly progressive and, at the time 
»f operation, there was a large abscess of the shoulder with a draining sinus low on the brachium (Fig 3- A) 
i^ter the joint had been opened, it was found that the head of the humerus, very necrotic, was floating in 
^bout 180 cubic centimeters of pus, contained in a markedly enlarged capsule The head of the humerus was 
ebnded as well as possible, the glenoid cavity was freshened, and all soft tissue w’as reinoved from the 
Ubacromial area The inferior surface of the acromion was denuded to bleeding bone The of the 
umerus was pushed firmly against the glenoid and acromion process and the arm was held in the desired 
osition, while a drill hole was placed through the acromion process and into the head Thi5 was enlarged to 
ccommodate a nb, which was then driven through the acromion piocess, into the head Bone chips, fash- 
ined from nbs, were placed in the dead space betw’een the-head of the humerus and the s^pula Five months 
fterthe operation, there was clinical fusion and no drainage Roentgenograms (Fig 3-C) showed excellent 
nialgamation of the component bone elements 

This technique has been used in two other shouldei operations with satisfactory 
6sults Figure 4 shows one of them, ten months aftei operation 


» Case 2-S V B , a w’oman, thirty-nine years old, had arrested pulmonaiy tuberculous and actn e 
♦ uberculosis of the left hip (Fig 5-A) An arthrodesis of the hip was done on March 2, 1948 The greater 
rochanter was turned back and the superior margin of the acetabulum w as turned up to form bone flaps 
'be superior surface of the neck of the femur w as freshened An ihac graft from a fresh cadaver w as laid on 
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]'IG G-\ Fig 6-B 


Fig G- V Ciso3-S Sliowiiig iini'S'-nc gi ifl of tlx Itiinl) ii spiiu two and one-half months after oper- 
ation 

Fig 6-B V fricturo of the grift, just below sjnnous pioci-.- to which the screw is afR\pd, occurred 
three and one-half montlis following suigcr^ 



Fig 6-C 

Fig 6-C Five and one-half months after surgeiy and two months following the fracture, 
cloak of callus surrounds the fractuie site r 

Fig 6-D At eighteen months, there is marked hypertrophy of the gratt 


good 
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Fig 7-A Case 4-S ?hoT 
ununited fiacUire of the Iwri 
at time of admission 

Figs 7-B and 7C 

months and fourteen mom) 
aftei dual grafts had been j 
plied Solid union has orcurn I 
both clinicall) and hr nxr 
genographic examination 

Fig 7-D Ununited fraclute 
of tibia at time of adnii'aon 

Figs 7-E, 7-F, and i-fl 
Tm 0 , four, and fourteen montl 
after application of nimiii 
onlaj grafts, loentgenognm 
show progressive union 
Weight-beanng has not itl 
been peimitted 


IiG 7-A 


Fig 7-B 


Fig 7-C 


B 





P*iiU 


Fig 7-D 
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Tip S-\ C i‘'L ')-S Non-muon of 
fncturo of tibii it tlu tiint of id- 
niKsioii 

Pig-; S-U, S-C, ind S-D Hoinl- 
gcnognms, f iken it four, ciglit, ind 
ton months iftcr surgcr\, sliow pro- 
grcssnc he ding to complete union 



Fig 8-B Fig 8-C Fig 8-D 


the neck of the femur, under the hone fl ips, md « is held in place bj a scieu thiough the greatei t^^er 
' and graft (Fig 5-B) 1 here were no postopciativc complications, vnd excellent fusion followed (F gs 5- 
and 5-D) 

Case 3-S In G P, a min of t\\cnty-fi\c jears, i spine fusion was done on Decembei ^ 

paralj tic scoliosi'! 1 he spinous processes of the lumbar veittbiae weie denu c o raw , 

a gutter was made m the lamui le it their base 4. long piece of split fibu a tte nice j m o i 
casilj held bj a single screw, passed thiough the giaft and a spinous piocess Tliree ^ 

fusion appeared sat isfactorj and the piticnt became ambulator , wcaiing a spine Sixweeks 

and one-half months, the patient was w les.Img with a nephew and fractured the graft ^ 

. later, roentgenograms showed callus about the fiactu.e site, and the f.actu.ed g.aft progressed to complete 

"“ofScfioXSr, ,he lo«er of . 1.0 op.oo fu.cd mb. 

Stance, placed betw cen split spinous pi ocesscs and m a gutter at one side ui mg Satisfactory fusion 

a portion of the fibular graft was removed, the pathologist's diagnosis was noimal bone Satisfactory fusion 

was obtamed in both instances, and marked hypertrophy of the first gra t la occurr 

Case 4-S H T , a man, forty-two jeais old, sustained a simple 
femur, and two fractures of the left tibia, one at the junction of the upper 

in the lower third All three fractures w ere treated bj open reduc ion e . \\rhen this 

. P...OS .er. pWed on fn.c.„„s of the t.b,. Tl.e t.b.d ™d 

I patient was first seen, eleven months after the ' ^ f,om a fresh cadaver w as placed on 

draining sinuses over the low er portion of the tibia A dual g a surgical w ound of 

the fractured femur and, at the same time, the plates were re months later, mas- 

f the femur healed promptly, and soon thereafter the ^ the tibia Cancellous bone chips 

sive tibial grafts from a fresh cadaver were ^ ^t the time of operation, there had been 

(femoral condyles from a fresh cadaver) were packed ab ,.ontirnllv a seauestrum, and the lower 

little hope of union, as the central portion of the patient s ^ “ P through the bone Union of the femur 

endof the tibiawasso atrophic thatahemostatcould easily be^ the fracture 

occurred, both chnically and by ^oentgenographic ewnma^^^^^^ ^ ^ progressive union 

sites m the tibia felt firm, and i oentgenograms over a fourteen p 

i (Figs 7-E, 7-F, and 7-G) 

The bone bank filled a real need in this case of multiple non-union 
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Fig 


Case 6-S Lateial and anteroposteuoi views of 
obteomi ehtic tibia at the time of admission 

Note In Cases i-F and 7-F, lepoited as failui 


Casf 5-S R H , an eighteen-} ear-old boi 
fiactuied his left tibia and fibula on Ma} o loij 
lesultmg m non-union (Fig 8- A) On Apnl 27, mu’ 
an onlay bone giaft w^as applied, the femur froms 
cadaver being used An evcellent result was obtainei 
(Figs 8-B, 8-C, and 8-D) 

Case 6-S C S , a male, twenty-one }cari! oW, 
contracted hematogenous osteomyelitis of the tibia 
about foul yeais before admission He had had four 
operations w ith no relief ^^^len first seen, he hid « 
large fungating mass over the lower anterior portiw 
of the tibia, wath considerable drainage (Fig 9 V 
On September 3, 1946, the fungating ma«s na 
excised and all necrotic bone was curetted fromtb 
tibia Posterolateral, longitudinal skin incisions wca 
made, the skin was pulled together over the tibial 
defect and sutured The wound healed prorapth 
and no further drainage occurred (Fig 9B) On 
October 22, 1946, an incision was made througl 
good skin, and the tibia was exposed at the 'iteof 
the defect A large tibial onlay graft was placed out 
the open side of the cavity, w'hich w as packed mlb 
cancellous chips from tarsal bones 

Follow-up roentgenograms showed progrcf'Uf 
union (Figs 9-C and 9-D) For over eighteen month, 
this patient has walked wnthout apparatus and tiss 
been doing heavy farm w ork (Figs 9-E and 9-F) 

i, union has occurred since this paper was prebcntod 


DISCUSSION 


Flora the e\peiiences lepoited heie, it seems obtuous that homogenous bone, prc- 
seived by fieezing, has not only limitations but also dangeis When used in the form of 
chip giafts in aithiodesing opeiations oi in ceitain types of bone defects, excellent result 
may be expected Howevei, massive giafts aie not so successful m cases of non-union 
The same statements aie applicable to autogenous giafts 

As legal ds amalgamation with lecipient bone, theie is ceitamly no leason to assume 
that the homogenous giaft has inheient qualities which would make it supeiioi It mw 
be just as good as autogenous bone, but not bettei The onl}'- w aj'^ m w'hich the liom^ 
genous giaft might lend itself to bettei lesults is that the suigeon may have as niu 
bone of a paiticulai type as he may desiie The lesults in this senes, as they concert 
massive homogenous giafts foi the lepaii of non-union of fiactuies, are not so 
the authoi s expeiience with autogenous giafts Howevei, the cases m this 
been, foi the most pait, difficult ones, and in seveial instances the homogenous gi 
been called upon to do moie than one would expect of an autogenous giaft It is 
there is a gieatei tendency foi the massive homogenous giaft to “die” and, on le 
the time of amalgamation has been longei ^ 

This last statement is an impiession, without definite data to prove it In some 
howevei, massive homogenous giafts have amalgamated as piomptly as w'oula 

of an autogenous gi aft proceduf^’ 

Many other factois aie involved in the success oi failuie of any bone-gia 
The mechanics of the opeiation aie most impoitant and, m seveial instances^ o 
m this senes, undoubtedljr pla3md an impoitant part In addition, theie mu ^ 
sidered the condition of the recipient bone, the general condition of the pa m > 
operation of the patient, and many i elated factois 

It IS fallacy to assume that the dangei of infection is less wuth homogeno 
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With autogenous Homogenous bone must be handled moie than the autogenous bone 
thus Cl eating a gieatei hazaid Hoivever, this dangei is offset by the fact that the patient 
does not have to undeigo a second incision foi the removal of bone, with its attendant 
possibilities of infection and fiaeture This senes piesents a high percentage of infection 
but in only one instance did infection occui in a truly clean field (Case 7-F) Roentgens 
grams of this case indicate that the iib gi aft was the seat of the infection Another nt 
fiom the same donoi ivas used in Case 6-F It became absorbed lapidly, but theie iiasno 
diainage In all othei cases ivheie infection ensued, theie -was infection of the site, either 
past 01 pi esent, and it would be difficult and unfan to place the blame entirely on the graft 
mateiial No attempt was made to steiilize the bone-giaft matenal m this senes Such 
pioceduies aie now under tiial, and thejf may piove of value 

It IS felt that bone from fiesh cadaveia is just as efficient as that taken fiom patient^ 
Since it is geneially believed that iliac bone is more efficient as regards osteogenetic 
piopeities, and since the cadavei offeis an ample supply, the author has m lecent months 
used iliac bone fiom fresh cadaveia almost to the exclusion of other t3'^pes 
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CLINICAL EVALUATION OF THE MERTHIOLATE BONE BANK 

A Preliminary Report * 

BY FRED C REYNOLDS, M D , AND DAYUD R OLIY'^ER, M D , ST LOUIS, MISSOOTI 

From the Department of Surgery, Washmglon Umvermfy Schoot of Medicine, SI Louis 

To justify the use of homogenous bone giafts, a cleai vindei standing of the 
transplanted bone, both autogenous and homogenous, is necessary The 
autogenous bone grafts aie supeiioi to homogenous giafts, because of the supposi 
some elements of the transplants sunive and letam then osteogenetic 
However, theie are those wLo maintain that all elements of a bone tiansplant 
1 eplaced by the host tissue, i egai dless of the soui ce of bone - If the claims o 
group aie correct, there should be but minoi differences m the process of hYa ion 
placement of autogenous and homogenous bone gi afts , o' 

In the past ^mar, the authois haYm made an expeiimental comparison o 
autogenous and homogenous bone giafts in dogs The obseivations aie in comp 

* Read at the Annual Meeting of The American Academj' of Orthopaedic Surgeons, 

January 26, 1949 
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meiil with (lu)s(' oi l^u(h, in llnl no ovulcnoo was foniul that any elements of autogenous 
hone ti nis])! lilts Ine iiid line lepiorlintne jioweis 

The pioeess of Inilioii ind lepliecnienl of both aulogenoub and knowm dead ho- 
mogenous hone IS identic al It is ■leeoinplishcd by ippositional new^-bone growth from the 
hobt tissues in both iiist uices Howc\ei, tlic eaily pluses of healing occur at a slightly 
moic I ipid 1 ite with the •uitogenous than witli the homogenous giafts The exact signifi- 
ciiuc of the obsei\ it ion is nnlviiown to ns, but the explanation is piobably i elated to the 
iiiilviiow n fietois of tissue' spc'ci/nil^ iiid host i evict ion, i,itliei tlian to any peisistence ot 
life III the lutogeiious gi ills 

The ti uisplaiit ition of homogcmoiis bone is not a new pioeeduie Its use m the flesh 
st ite w IS hist lepoitc'd b\ uewen in ISSO, ind by man}' woikeis theieaftei Moie re- 
cently, ittempts h ne Iieen m ulc to pieseivc bone in various states as lepoited by Orell 
Se\ciil Flench suigeons no said to Ii.ive used fiozen pieseived bone® Incldn, in 1942, 
denionstnted the successful use of fiozen autogenous and homogenous bone Bush has 
populaiized the use of fiozen homogenous bone as a “bone bank’’ 

Morgan I imicson, ind Powell icpoitcd the use of meithiolate solution as a pieserva- 
ti\e for biologic il pioducts O’Connoi, in 1939, and Blown and DeMeie have described 
the successful use of ciitilage piescned m meithiolate The simplicity and safety of this 
method of prcsci \ it ion of tissue ai oused the authois’ inteiest in the possibility of its appli- 
cation to the piesen ition of bone Theiefoie, expeiimental studies W'cie made, comparing 
the process of healing of meithiolate-piescived homogenous giafts with fiozen and boiled 
homogenous giifts, as well as with autogenous giafts Fiom these studies, the authors 
concluded that the fixation and icplacement of the merthiolate-pieserved homogenous 
bone was essentiallj the same as that of the fiesh autogenous giafts Expeiimentally, bone 
preseived by freezing oi by aqueous merthiolate was indistinguishable Boiled homoge- 
nous grafts healed bj' the same process, but the healing wms definitely delayed From these 
experiments the clinical use of mci thiolate-preserved bone seemed justifiable 

The proceduie adopted foi the establishment of a “meithiolate bone bank” is as fol- 
lows The bone is obtained fiom tliiee souices (1) iibs lemoved undei aseptic conditions 
at thoracotomies and t hoi neoplasties, (2) bones obtained from amputations of uninfected 
parts, and (3) cancellous and cortical bone obtained at selected autopsies under as steiile 
conditions as possible In piepaiing foi storage the bone lemoved fiom these souices, stei- 
ile equipment and opeiating-ioom technique are employed The peiiosteum and attached 
soft tissues aie carefully lemoved fiom the bone, which is then split and cut into con- 
venient lengths A cultuie of the maiiow contents is taken 

The bone is then put into steiile jais, containing a 1 to 1,000 solution of cleai aqueous 
nieithiolate It is important that all bone be completely coveied bj' the solution At the 
6nd of tw 0 w eeks, the bone is i emoved undei opei ating-room technique, all remaining 
soft tissues are cleaned off, and it is placed m sterile jars containing a 1 to 5,000 solution 
of aqueous merthiolate Another culture is taken at that time The bone is kept in the 
1 to 5,000 solution theieaftei, being changed at tw'o-wmek inteivals and cultures being 
aiade No grafts aie removed from the bank foi clinical use until at least twm negative 
cultures have been obtained To date, the authors have not encountered a single positive 
culture 

The containei of preseived bone can be kept eithei m the operating loom at loom 
temperature or in a nearby household refiigerator When a giaft is needed, the containei 
's opened in the operating loom and the desired piece of bone is removed by the surgeon 
''ith sterile forceps After being iinsed in normal saline solution, the graft is leady for use 
At the present time, merthiolate-preserved homogenous bone has been used in sev- 
enty-one patients This report, howmver, presents the findings in the first foity-two con- 
secutive cases in which merthiolate-pieserved homogenous bone was used The types of 
operative procedures and the general results obtained fiom each are shown in Table I 
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TABLE I 


Results in Fort\-ta\o Patienis 


Operation 

No of 
Patients 

kn 0 
Failun 

Arthrodesis of major joints 

5 

0 

Non-union 

9 

3 

Spine fusion 

15 

2 

Obliteration of osteomj^elitic cavities 

5 

2 

Obhteiation of tumor cavities 

3 

0 

Osteotom} defects 

2 

0 

Open reductions 

2 

0 

Aseptic necrosis of femoral head 

1 

0 

Totals 

42 

7 


Of nine opeiations on patients with non-union, thiee aie consideied failures at tin 
time Two of these failuies occuiied in fiactuies of the ulnai shaft, the othei involved an 
old compound fiactuie of the low'^ei poition of the humeius Ribs were used as grafts in 
each instance This type of giaft does not lend itself to film mteinal fixation, and is gen 
eially consideied to be mfeiioi to compact coitical bone foi use m these locations It niai 
be that this factoi has contiibuted to these failuies How'^evei, in tw'^o other cases of non 
union of the ulnai shaft, tieated in an identical mannei, satisfactoiy union occurred 
One of the patients with failuie of union aftei an ulnai fiactuie had a lecurience of infec 
tion following the grafting pioceduie, wdiich necessitated sequesti ectomy at a latei dat( 
Figuies 1-A 1-B, and 2 illustiate the lesults obtained in cases of non-union 

Bank bone was used to obliteiate the defects lemaimng aftei sauceiizationfoi osteo 
myelitis in fi\e patients, each of wdiom had a diaining sinus One of these sites healed ;)f 
primam and has lemamed healed, in foui, diainage continued aftei opeiation The dram 
age m two of them, how^evei, subsided piomptlj’’ wnthout fuithei suigery, the sinu'c 
have lemamed healed and the patients have been fiee of sj'^mptoms The othei tvopa 
tients, whose opeiations must be consideied failuies, require some explanation 


A I , a doctor, had had osteomyelitis of the uppei portion of the tibia with extensive bone e 
soft-tissue defects for nine years Saucer ization, grafting wnth bank bone, and the swinging of a 
flap were performed m one stage This ovei ambitious suiger}' resulted m failure, with mfection an 

of the skin flap nrcflou 

K B had had non-union of the upper poi tion of the fcmui w ith infection for eight 3 'eais 
attempts at autogenous bone-giaftmg, performed elsewheie, had failed A large osteomye i 
present, togethei with extensive soft-tissue scan mg Following sequestrectomy and ° 

by rib grafts, the wound was closed However, the infection persisted, and drainage an non 
present w hen the patient w as last examined 

of th' 


Figuies 3-A, 3-B, 4-A, and 4-B show^ successful results obtained in patients 


gioup , larp 

Spine fusions m this senes were of the modified Hibbs t 3 '^pe, lem oi 
amounts of meithiolate-pieseived bone Of the fifteen patients in this ^e’ 

fusions wdiich appeal to be definitelj’- solid In two patients, the final lesu 
knowm, one died befoie the giaft wms solid A pseudaithiosis develope m graft 
and lefusion w^as required This we believe to have been caused by a pain 

as it follow^ed an injui}^ m wdiich the patient heard a sharp snap, patif 

At operation, all the bone w^as solid, except at the line of pseudaithiosis been do”'’ 

has only recently presented evidence of pseudaithiosis, leopeiation has no^ gy^talar JO'”' 
Arthrodesis of majoi joints, including the hip, knee, ankle, wiist, an 
w'^as performed successfully m five patients Intia-aiticular fusion, rein 
bone, was done in all instances No failures were encountered in tus gro 
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no l-\ Fig 1-B 


C r 1 wliilp nulo, ifiod foil\-f()ui li 1(1 tioii'Uiiioii of llic sli'ift of the ulna, folloiving a INIonteggia 
fritturt Ini inontln pn \ lomh \n ittimpt it inUrii il fi\ ition Inil been made elsewhere 
Fig 1 -V Bointgcnogi lIn^ 1 iki n it (he tiini of idniission 

Fig 1-15 Vpppirinei nine nionth'j ifter ic'^cction of he id of ludiU'? ind dual onlaj’^ graft Ribs fiom 
the nicrtluol itc bout bulk win imd for grafting 1 Aei llent function w is regained 



Fig 2 


J K . a white male aged fort> -eight, had non-union of the shaft of the femur of eleven months’ 
duration The original ’treatment was open reduction and plate fi’^ation ^ 

plate had broken and there was non-union Two plates and merthiolate n g PP 

Four months after the second opeiation, definite union was evident gross 3 
The process of replacement of the meithiolate graft by appositional growth of the host bon- 
identical, microscopicall}-, to th it seen in experimental animals 


In the lemammg cases (Table I), the wounds healed by fiist intention, 

PPeai to be fusing in a satisfactoiy mannei Bank bone n^as emp 03 '^e to 0 1 ei 
lefect in thiee instances of benign bone tumoi In each case the postoperabve course Mas 
neventful and the giafts healed satisfactoi ily (Figs 5-A and 5-B) 
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Fig 3-A Fig 3-B 


G A , a w hite male, thirty-eight years old, had chronic osteomyelitis of the left femur of twenti'-thrce 
3 ears’ duration Copious dramage v as seen at the time of admission A saucerization and sequestrectomi 
n ere done 

Fig 3-A After tn o n eeks, the defect n as filled mth merthiohte rib grafts and the wound was closed 
These roentgenograms show the femur after saucerization and before graftmg 

Fig 3-B Roentgenogiaphic appearance twelve months aftei operation The patient has had no 
diainage since one month aftei operation and has been S3'mptom-free 



Fig 4-A Fig 4-B 

M B , a white girl, aged twelve, had chronic osteomyelitis of the pro\mial portion of the right tibia 
of SL\ months’ duration The focus was (framing at the time of admission c i, ft f t mtb 

Fig 4-A Preoperative roentgenograms Saucerization, sequestrectomy, filling (H the deiec 
merthiolate rib grafts, and w ound closure were done in one stage The v ound closed per prime , 
the patient has had no dramage or S3Tnptoms since operation 
Fig 4-B Roentgenogiams taken thiee months after operation 


Osteotomj'- defects veie filled in two patients and solid union lesulted It seeme 


advisable to employ a bone giaft as an aid m mteinal fixation in ttvo instances 
a subcapital fiactuie of the hip, in which giafting augmented a Smith-Petersen > 
the other case, a meithiolate bone giaft was used to fill a defect in the calcaneus, " 
^liad lemained aftei elevation of a depiessed fiactuie 

CONCLUSIONS ^ 

M The piocess of fixation and leplacement of both autogenous and 
hom^nous bone giafts is accomplished in an identical manner, expeiimen a 
climcalh pf 

2 TV meithiolate bone bank offeis a simple, inexpensive, and aseptic me 

pieseiving\omogenous bone ^ ph 

3 Meitluolate-pieseived bone is well toleiated in the tissues, and 
tamed mth gmfts fiom the meithiolate bone bank compaie favoiablj’^ vi i a 
giafts iindei similai circumstances 
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1 10 ’■)- \ Fig 5-B 


D U, 1 while nnh , ir< <1 foiirh ( n, li ul i (( iili il < hoiulioin i of tlic distal portion of the femur of 
ciphi monllis diirilion, ( ui'-inp jnili d (pipin'-! il piowlh iriesi on the lateral aspect 
I ip Iloi nlpc'iiopr mis I d^( n it tin timi of idmi'Jsion The tumor was c\cised locallj and the 
defect w IS filhd with nurthioliti rilis ind iliK-honi thips 
I ig 5-H \i)i)eirmce of (h feet two iiionths iflu opcrition 

4 No scIl‘^l(I\]f^ to mcitliiol tic has been ctHoiinteiod m case 
0 Experiment tll\ nul tlinu tlh, llic eailv phases ol healing aie sometvhat slowei 
tilth homogenous gi tfts thin witli tutogenous giafts Theiefoie, it is important that 
immobilization lie continued o\ei i longci peiiod of time 
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DISCUSSION 

Dr Alberto InciAn, Havana, Cuba It is a great pnvilege for me to open the discussion on the inter- 
f>ng papers jast presented by Dr Reynolds and Dr Oliver, and by Dr Weaver Tins privilege is probably 
to my previous work in the use of prcseived bone for grafting purposes 
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Up to a jear ago, when we weic able to obtain a deep freezei and organize a bone bank, we kept our 
bone in citrated blood at a temperature of 2 degrees centigrade in a domestic refrigerator It is gratifjang to 
know- that bone banks are being developed in many hospitals 

I have no personal experience wath the use of antiseptics and bacteriostatic solutions as presei nng agent'; 
for homogenous bone The technique used by Dr Reynolds and Dr Oliver is similar to that publidicii 
by Brovm and DeMere for a cartilage bank 

The authois’ recommendation of their method of bone preservation is based upon then belief that all 
transplanted bone is dead bone We do not entirely agiee wath this statement Moie knowledge is nece=;‘;an 
to decide this controvemial point Fiesh transplanted bone seems to be iapidl 3 '^ revascularized before its cell- 
have suffered necrosis Histological examination of bone kept under refrigeration has demonstrated the 
preservation, for a certain period of time, of the chaiacteristics of normal bone cells, which maj mean that 
this tissue IS capable of hfe if revascularization can be obtained within the proper time The condition of 
the recipient bone must be considered of the utmost importance 

The recent expeiimental work of Kiehn, Fnedell, and MacIntyre, of Western Reserve Unuersiti 
(“Studj" of the Vitalitj^ of Tissue Transplants bj’^ Means of Radioactive Phosphoius”, Plastic and Rccnn 
struct Surg , 3 335-339, 1948) should be emphasized, since thej concluded that fresh cancellous bone eust*; 
“as a vital graft, forming its own blood supplj^ and integrating itself as a vital part of the system from the 
time it IS transplanted This is shown bj the immediate assimilation of P^^ bj*^ the vital giafts, as compared 
to low uptake bj the dental transplants ” (boiled bone) Kiehn and his associates also observed that "re- 
fngeration ma 3 ' not depress the recoi’-er 3 of transplanted bone be 3 'ond a short initial stage” 

More time wall be necessary to evaluate the use of this new method of bone preservation Changing the 
solutions eveiy two weeks wath fiequent manipulation, as well as the possibility of the recipient’s intolerance 
to meicunals, must be considered as possible disadvantages 

Dr Weax'er presents a ver 3 thoiough study of the evolution of preserved homogenous bone It is ddE 
cult to evaluate his results, due to the diffeient t 3 q)es of operations performed and the vanous grafting nia 
tenals utilized 

Use of a bone graft in an infected incipient bone wall naturall 3 ' mciease the percentage of infection 
I w ouldn’t consider the i ather high incidence of infection reported b 3 ' Dr Weaver as meanmg a great! 
inci eased danger of infection wath the use of pieserved bone, although he has not done bacteriological tests 
In his senes, infection developed in onl 3 " one case which had previous^ been clean 

I agiee wath Dr Weaver’s statement that man 3 ’- factors in the postoperative evolution of bone graftmi 
aie of importance in the pioduction of failure To those he has mentioned must be added an inaccurate fittin; 
of the graft in the treatment of non-union of fractures When using inlay grafts, I adhere to the pnnciple 
recommended b 3 the late Fied H Albce In nian 3 cases we add a dual graft, one of cancellous bone, asthi 
best solution foi some ununited fractures 


We lost one graft in our last thut 3 ^ cases, using homogenous bone from the deep freezer The paticn : 
wath a tuberculous hip read 3 ' foi a Biittain extia-articular fusion, had a deep tuberculous abscess Still) t f 
implantation of the graft was earned out and suppuration and disintegration of the graft was the resu 
The presen^d bone graft must not be blamed for this failure, but rather pooi judgment in its use 

I have alw a 3 s expressed the opinion that a pi eserved bone graft should be used only w hen fresh autoge- 
nous bone IS not available How ever , during my expeiience wath the use of presei ved bone grafts, I have oun^ 
that they can be substituted foi fiesh autogenous bone transplants In some of my cases the grafts a ^ 
been placed in the worst conditions foi their integration and growth, still they have acted as well as re- 
transplants 


Dr Philip D ILso^, M D , New T ork, N Y I think weaie all m agreement that presen'e om^^ 

enous bone grafts can be used with great advantage in oithopaedic opeiations The question that is r^^^^ 

in the paper b3 Di Re3 nolds and Di Olix'^ei is how the bone can best be presei ved They propose im^ 

It m a chemical solution— namely, mei thiol ite— in older to pievent bacterial invasion and putrefac 
claim that this does not affect the osteogenetic properties of the bone, oi its toleration in °\hibiti'’'' 
The 3 ’^ have experimented wath the use ot this bone in animals and have a fine exhibit m the soienti c-e 
section of this meeting, which attempts to show what happens Garbct 

I have been working wath preserved bone grafts since 1946 and, like Dis Weaver, Busi 
and many others, have been using lefiigeiation m stenle jars, at a temperature of matcml 

below zero centigrade, as the method of preservation Bj" careful bacteriological contio o ^^jic;u'C<l) 
we have been able to prevent infection In a senes of more than 200 operations m which this 
oui loss of bone grafts has been under 2 pei cent , wluch is about the same as when fresh au oge 

are used s, d in a chumw* 

My criticism of the merthiolate method of pieseivation is that, w hen tlie bone is immer- 
solution, there is the risk of altering the nature of that bone, because the chemicals are (gjowo-! 

though the solutions are diluted, a foreign, toxic substance has been added w hich, m spite o a” 

it out, leniains in the tissue, as is shown bj the persistent stain I believe that this oreign 
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irntinl iml lli'U il llnous , m, , |,n.,l( n on tiu he ..I.iik ixmt is of Uu host tissues tinn is pi ocluced n hen 
rcfngoi ik'ii 1)0110 is u'-i d 

IhoHmsofi iMMopoiU.I istoosmill logni a tiiii pidim ol u hut happens, but even so, theauthois 
niLiilioiKd on. . iM with loss of Ih.' gi if( in.l uiollui uKh i dunning sinus, although they reported no 
iiif. (’lions 

I urlluiinoK, Ih. us. of i . h. mi. d Milmion <1, finif. !v d. slio> s vitality in (lie bone I am not yet con- 
Miindllut thoi. is.omiil.lo ibs.m.. of Iif. in i. fug. i lUd bom , . v. n though the histological studies of the 
hoiliiiggriflssli.nv mu liUlo . \ id. ik . of il I h. s.m. mu b. s ml of the studies of healing of fresh autoge- 
nous gnfis Thoi. is igi-, il .1, il of . \i.l( n.( lopi.nt (hit living .. Ils . m insist pi olonged exposure at vei^ 
low tenipoi ilnit is, foi o\ im|il( , In. 1. ii i, 1. iiko.M.s, md (unioi .ells I like to feel, when bone-giafting, 
lint the rolls h n ( b. . ii gi\ eii th. .hino. loplu i p irl in tho In ding 

II s(,nis to 1110, 111 this dis.iiKsion of nn Iho.ls of pi. s. i valion of bone, that there is gieat similarity to 
tliecirK iigum. Ills o\. r List, r s intis, pin m.tho.l is opposo.I to the aseptic method in operative surgery 
I pr. for to obi iin st. ril. gr ifts mil to k. . p Ih. in fii . fiom . out imi nation, w hile the authors prefer the anti- 
scptiriiiothod It w IS . pr. f. u nr. for II ilst.d s(, ,Iinii|U( of using ho it-steiih/cd silk for ligatures and sutures 
tint 1.(1 111 in\ of Us to gi\i up th. m. of . h. mi. ilh sp nh/.d . itgiit, ind wo believe that the wounds heal 
with less rc 1. lion, boo luse of Ih. ibs. n. e .if in it itioii 

1 he merthiol it. m. Ihod .iff. rs onl\ on. i.h iiit ige, in iiij opinion, ovei steiile lefiigeration, — that is, 
tint it 111 i\ jmilrrl igmist the ti iiismissi.iii of in il in i oi th. \ nils of hop ititis or syphilis Such a complica- 
tion is, how .wer, \i r\ riri, iii.l III . d not b. f. iied win ii piopi i pie. lulions aio taken We have had two 
instances of h. p it it is mil on.' of m il in i ifl. r opei it ions ni w hi. h i. fngoratod homogenous bone giafts had 
biHin used, but ill of th. so ji iti. ills h id i. . . i \ . .1 blood tiansfiisions, and oiii studies indicated that the blood 
comeicd (he inf.ction and not (he bon. 

I liojie tint Dr Htjiiolds and Di Olner will toiitinui (htii wink and will givi us a latei report of 
results when (h.ir siri.s is 1 irg.r 1 h. n is loom foi iiiun ihlTiuiit techniques in siiigerv, but we would 
bowi«cnnt(.) i\ iil ours. h. s of n. w m. (hods until aflti the\ hn. Iicen thoioughlj tried and proved For 
this reason I sh ill ( out null to empl.u th. mi (boil of lefrigei ilion ol stpnle bone giafts, in preference to the 
nicrthiolatc method 

I consider Dr e i\. r’s p qi. r int. icsting md worth while He has done two things that have not previ- 
ously been reported 1 ir-t, he h is used < id ner bone, and, second, he h is shipped lefiigerated bone by the 
dn-icc method to other eiti.s for use b\ othoi suigcons Culavei bone is difficult to obtain because of legal 
restnetions L\ eu wlu ii i person walls liis bod\ foi seicntific purposis, q is not permissible to make use of it 
unless the consent of the lu \t of kin h is first be. n obtaine.l 1 lie law provides that, aftei death, legal title 
to the bod\ is %es(ed in the n. ircst relatue L\en when no lelalive appears to claim the body, it must be 
kept for a certain jn riod befor. it c m be disjiosed of Infection and decomposition set m rapidly, and the safe 
period in which to obt iin the bone is only about si\ liours In addition, the bone must be obtained under 
aseptic conditions similar to those in m operiting room, which practically limits the availability of cadaver 
bone to a death occurring in the hospital Also, the death must have occurred fiom some cause othei than 
infection or tumor All of tin sc limit itions have picvented us from using cadavei bone, and Dr Weaver 
IS to be congratul ited upon solving these problems Oui own stock has been maintained by^ donations from 
patients undergoing operations w liei e bone must be excised, and from amputated limbs Resected ribs from 
operations upon the chest arc also a valuable source of material foi the bone bank 

I think Dr Weavei is perhaps a little discouraged, and unnecessarily so, over his failures The number 
of infections was larger than is desirable, but this was laigely because he W’as pioneeimg and had not devel- 
oped an adequate method of stoiing and scaling his bone material against infection Also, he did not 
employ careful bacteriological control I am sure that his results will improve, now that his bone bank is 
better organized and checked 

Finally, I w ould like to say a w ord about the healing propei ties of refngei ated bone oi preserved bone in 
comparison with fresh autogenous bone No one can say at the piesent time that preserved bone serves m 
all respects equally as well as fresh autogenous bone It certainly serves well for packing bone cavities in 
"hich healing is going on, and I think the icsults are comparable Whether it serves as well for cance ous 
or cortical grafts, w c cannot as yet answ ei Much moie remains to be learned, and it wall lequire many years 
of experience before we can determine its exact field of usefulness That preserved bone has a field of usetul- 
oess IS the only thing I would dare to be dogmatic about at piesent 

I iMsh to thank the speakers for then valuable presentations, and to express my pleasure at the pnvi- 

fege of having been invited to discuss them 


Dr Fnrn C Reynolds (closing) Concerning Di Incldn’s discussion, the leport of Kiehn, Friedell, 
and MacIntyre in legaid to the assimilation of does not necessaiily demonstiate that fresh cance ^ 
bone exists as a vital graft In all probability, this only indicates the speed of revascularization o e y p 
of grafts they have used These observations correspond very well with our experimental findings 

{Continued on page 814) 
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CAUSES FOR AAIPUTATIONS PERFORIMED AT WALTER REED 
GENERAL HOSPITAL DURING 1947 AND 1948* 

B'i COI ONFL AUGUST W SPITTLER AND LIEUTENANT COLONEL LLOYD 'W TAYLOR 

Medical Corps, United Stages Army 

In this suivej’-, the cases of 293 patients weie studied, who had had a total of 30 
extiemities amputated Eight 3 '--tAVO of these cases were excluded from the survej^ fo 
such leasons as insufficient mfoimation available on battle-casualt}'- records, oi becaus 
final lesults had not jmt been obtained on patients still in the Hospital This left a tots 
of 211 patients studied, in whom 220 extiemities had been amputated (Table I) Tn 
hundred and six of these patients had suffeied fiom battle oi othei injuries, only fiv 

TABLE I 

Amputations Performed at Walter Reed General Hospital during 1947 and 1948 


Disease or Injmj 


No of Patients 


Vascular disease 

Thrombo-angiitis obliterans 
Buerger’s disease 
Tumor 

Osteochondi osai com v 
Undifferentiated sarcoma 
Sj-nowoma 
Injuiies from battle 
Other injuries 


1 

1 

1 

1 

1 

150 

56 


Total 


211 


TABLE II 

Original Injury to Extreahty 


Involvement 


No of E\treinitito 


Ner\e onh 

Bone only 

iMuscle and vessel 

Bone and ueive 

Bone and muscle 

Bone and \ essel 

Bone, nerve, and vessel 

Bone, neri e, and muscle 

Bone, nerve, muscle, and vessel 


3 
9 

4 
11 

116 

6 

3 

24 

39 



amputations veie foi vasculai disease oi tumoi The cases selected for 
a fan cioss section of the amputations perfoimed duiing 1947 and 1948 at a 

Genei al Hospital , js shonn 

The tj'^pe of oiigmal mjuij^, as to bone, neive, muscle, oi vessel invoie 

in Table II ^ 

* Read at the Annual Meeting of The American Academv of Orthopaedic Surgeons, 

January 27, 1949 ,oint soRoEf' 
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rvm.i III 


N 1 ll\ I 1 Mtillll S IN I Kilt 11 I \ lltl Mil II S 


\il\( IlWoKid 


No of Tunes 
Nerve Was Involved 

1 1 mor il 


3 

''Cl ilic 


25 

IVrom d 


30 

1 ihi il 


32 

I’l ml 11 


3 

Hi 11 111 d pU XUS 


2 

II idi d 


10 

Ml di m 


11 

1 In ir 


10 

Tot d 


126 

- _ - 

— 



1 MILL 1\ 
Hom Imuiiii' 


‘'lie of Injun 


I ool 

Foot iiiillit; 

Foot mil tliif,li 
loot, lit: mil tliinli 

I ig mil tliigli 
Thipli 

II mcl 

II 111(1 mil fore inn 
IHiicl, fore inn, md lun 
Fore inn 

Forearm md inn 


No of Extremities 

16 

67 

1 

17 

39 

24 

28 

3 

8 

1 

2 

2 


Total 


208 


Ihcrc «e,enc,%e .njuucs cglily eM.cmities, 126 ne.yes being affected (Table III) 

Tiaumatic amputations weic included m this total , , i „ cnnc-P fnr omnn- 

A hand nincl. ,s completely anaesthetic is a majo, “““(I",, 

tation Tins ,s equally tuie of a foot iMth a completely anaesthetic 

ulmates as a lesult of neighWieai mg ^Vrftol necosis on weight- 

sole cause foi amputation t\ as an anaesthetic foot, i i 

beaiing, secondaiy to an niepaiable injuiy to ,,eie bone in- 

The sites of the oiiginal bone injuiy aie slio 
juries in 208 evtiemities in this senes ir,«« of hmb osteo- 

The majoi causes for amputation weie gas gangiene. ">* tTunion, an 

' myelitis, vasculai insufficiency, joint lesions, shoitcning^, mus^^ 
unsatisfactory weigh t-beai mg surface, and paiay pitted ac- 

gangrene, traumatic loss of hmb, and vasculai ms ’ ooc 

counted for amputation Table V shows the combination ° gangiene, secondaij^ 

Amputations weie peifoimed upon eight patien s eca peiformed 

1^0 extensive injunes of the extremities The gm o me ^ j Guillotine amputation 
efore these patients auived at Waltei as evidenced 

played an impoitant part m the tieatment of t nmetx^-eight extremities at 

by the fact that a guillotine amputation Avas pei 
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TABLE V 

Causes for Ajmputation of Injured Extremities 


No of Extremilie 


Osteomyelitis and joint lesion jj 

Osteomyelitis and nerve injurj" , 

Osteomyelitis, joint lesion, and muscle damage 12 

OsteomjTlitis, joint lesion, muscle damage, and vascular insufficiencj' jq 

Osteomj elitis, joint lesion, shortening, muscle damage, and non-union 30 

Osteomyelitis, joint lesion, nerve mjurj', muscle damage, and vascular insufficiency 18 

Osteom 3 'elitis, joint lesion, nerve injurj', muscle damage, and unsatisfactory weight-bearing 
surface 4 

Osteom 3 'ehtis, jomt lesion, and unsatisfactor 3 ' weight-bearing surface 12 

Osteom 3 ehtis, nerve injur 3 ', vascular insufficienc 3 % and muscle damage 10 

Osteom 3 ^ehtis, nerve injur 3 ’-, vascular insufficienc 3 ', shortening, non-union, and muscle damage 12 
Osteom 3 mhtis, shortening, non-union, and muscle damage 3o 

Gas gangrene 8 

Traumatic loss of lunb IS 

Vascular insufficiency (due to injur 3 ) 8 

Nerve injur 3 ', vascular insufficienc 3 ^ joint lesion, and muscle damage 6 

Nerve injury and unsatisfactor 3 '' weight-bearing surface 10 


Total 215 


some time duiing tieatment Fifty-eight of these tieie peifoimed at Waltei Reed Gen 
eial Hospital and foity at othei hospitals 

Although no amputations Aveie peifoimed foi osteomyelitis alone, this disease is tlic 
raajoi contiibutmg cause foi amputation (Table V) The authois believe that siilfonn 
mides and othei antibiotics haAm contiibuted little, if at all, to the cure of chronic dram 
mg osteoiuA elitis in adults, although they do gnm systemic benefit dm mg an acute flare- 
up of osteoniA elitis Adequate suigeiy and diamage aie still the tieatment of choice 
Nine patients m this senes had both loAA'^ei extiemities amputated, eight of theralm' 
been m the hospital fiom tAvo to foui and one-half yeais to saAm a defectiA'^e contralatera 
limb The aAeiage rehabilitation peiiod aftei lemoval of the pooil}’’ functiomng, painu 
extiemitA aaas less than foui months Amputation of one extiemity is not a contia-m ' 
cation to amputation of a pooily functioning, painful conti alatei al extiemity The same 
ciiteiia foi amputation should be applied to each extiemity , 

Sixteen SA'me amputations AA^eie peifoimed on patients AAitli unsatisfactoiy veig 


TABLE Y1 

Time Analxsis or Hospitalization 


Group 

Extiemities 

Intel val between 
Injur 3 ’’ and 
Amputation 
{Months) 

Aveiage No of 
Operations Prior 
to Amputation 

Interval betnee" 
Final Ampuf'ibo'" 
and Rehabilitafw" 

(No) 

{Per cent ) 

A 

5 

2 3 

48 and over 

16 4 

3 

4 

B 

5 

2 3 

42 tlirough 47 

12 4 

iVi 

G 

23 

10 7 

36 thiough 41 

10 0 

3)2 

D 

36 

16 7 

30 through 35 

9 0 

4 

E I 

59 

27 4 

24 through 29 

8 0 

4 

F 

28 

13 0 

18 through 23 

7 0 

4 

G 

8 

3 7 

12 thiough 17 

7 0 

4 

H 

4 

1 9 

7 through 11 

3 0 

3 

I 

47 

21 9 

6 or less 

2 0 



the journal of bone and joP' 



{ \UM S lOK A.Ml’ljl MION's 


803 


I \HI,I \ 11 

I s I OH \MiMti MioN IN 21 1 I’mii xrs 

No of Amputations 


Ui)])ri ( \lii'mit\ 

ri'-l (<li^ II 111 111 itioii) j 

Hi’low flu (lliow g 

\l)o\(' (In' rlliow 8 

1 orogii irti'i (inli'i''! iimlotlioi ii ii ) 1 

r i nIii mil\ 

\nkl( (8\nu) ]() 

HpIow (111 Kiik 111 

‘'liort 1)1 low till kiioi (liriit knti ) 2 

\l)0\i (lie km ( 53 

\l)n\i tlip kiicL (‘■iipr iroiuh 1 II (cmlopl I'-ti ) 5 

\l)o\ c dll' km ( (riiitti ‘3(ok('') 7 

Hip (di*- irticiil ition) 7 

Tot il 220 


' 'J his iiuinhi r iiit ludcs nine hil iter d iinput itions 


boning sin fates ( J' ililc \ II) 'UI of the feel Ii kI one oi moie associated conditions, such 

15 osteomtelilis, joint disc ise imi‘'tle d ini igo, oi nent paial 3 '’sis Nine of the amputa- 
tions weie pcifoimed Iip(au''C of fiiluic of full-(hi< kness skin giatts, located on neight- 
beaiing sui faces Skin gi ifts iiijilicd to weighl-heaiing sui faces almost invariably fail 
when thej aie too m issnc to leceive complete piotection by the use of special shoes and 
"uppoits Si\ S\mc amiiut itioiis wcie peifoinied because of painful, incapacitating feet, 
for which a (omplctc .utliiodesis ( inklc fusion .ind tuple aithrodesis) had been peiformed 
A Svmc amputee w ilks bettoi ind is le^s disabled than an adult who has had a foot injuij'’ 
seteie enough to lequiio piinai thiodcsis Almost mvaiiabb these seveie foot injuries 
weie associated with tiauniilK aithiitis and peiiaiticulai fibiosis of the lemammg joints 
of the feet 

Table ^T shows the time inteival between the injuiy and final amputation, but not 
the months of mental anguish, chionic infection, and conA'^eision reaction, all in the at- 
tempt to save useless e\tiemities Ovei 75 pei cent of the extiemities had been tieated 
for moie than a jmai befoie amputation, and in each gioup an aveiage of betw'een 7 and 

16 4 opeiations had been done on the extiemitj' piior to amputation Ovei 72 per cent 
of these extiemities had been tieated foi eighteen months oi longei wnth a similar lange 
>n niimbei of opeiations In almost 60 pei cent , the patients had spent ovei twm jmars in 
hospitals, aveiaging fiom 8 to 16 4 opeiations on the extiemity piioi to amputation It 
oan be safelj'^ stated that the peicentage of successful end lesults is in inveise latio to the 
oiimbei of opeiations lequiied to pioduce that lesult 

In the tieatment of amputees wdieie an abdominal belt maj'’ be lequiied by t e 
Piosthesis, bone giafts should be lemoved fiom the iliac ciest on the same side as the 
affected extiemity This is because the abdominal belt lests below^ the conti alatei al iliac 
ciest, opposite to the amputated extiemit 3 '^ 

In twenty-thiee patients, the fibula had been saciificed electively m caiiymg out 
fhe planned reconsti uction piogiam of the injured extiemity This method of leconstiuc- 
tion IS highly unsuccessful and is believed to be unnecessaiy in the light of the tiemendous 


pi ogress in cancellous bone-giafting in the past ten yeais i u i 4.u 

, The sites of amputation are shown in Table VII As m most senes, the below-the- 
^ee amputation wms used most fiequently, m nineteen of these cases it was necessary to 
’ select a higher site foi amputation, because the skin wms pooi as a result of pie-inous opera- 
' scars oi skin defects This was paiticulaily tiue in those cases m which a weight- 
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beaiing tj^pe of amputation, sucli as a Syme, Gntti-Stokes, oi supi acondylai tendoplasti 
could have been peifoimed if good skin had been piesent 

In leconstiuctive suigei}’’ on an injuied extiemity, the possibility of amputation 
should alvays be consideied, and opeiative incisions should be planned so that, if arapii 
tation becomes necessaij^, it can be done at the lowest possible level 

CONCLUSIONS 

1 Unilateial amputation is not a contra-indication to amputation of the contra 
lateial extiemity The ciiteiia foi amputation should be the same foi each e\tremit\ 
undei considei ation 

2 Skin-gi afting of anj'- t 3 '^pe to full weight-beaiing surfaces is so highly iinsatisbc 
toij^ as to condemn the pioceduie in geneial 

3 Elective saciifice of the fibula in a leconstiuction piogiam is highly unsatisfacton 
and unnecessaij'^, m the light of oui knowledge of the favoiable results from cancellous 
bone-gi afting 

4 A Sj^me amputation is the best majoi amputation thiough the evtiemity It i' 
piefeiable fiom a functional standpoint to a complete aithiodesis of the foot, or to am 
amputation thiough the taisal legion 

5 When amputation is a possibility, suigical incisions should be so placed as to 
peimit amputation at the lovest possible level, should this proceduie become necessan 
at a tutuie date 

6 When amputation is a possibility"", the lemoval of cancellous giaft from theilmra 
should be done on the affected side, and not on the contialateral side 

7 Needless opeiative pioceduies which piomised little, if any, possibility of succc' 
veie peitoimed on the patients studied, causing piolonged months and y^eais of hospitali 
zitioij p'«\ chological tiauma, conveision leaction, and geneial sj^stemic damage, sec 
ondrn To piolonged peiiods of chionic infection Eailj"" evaluation of these cases and fh 
apphi ition of sound suigical piinciples could have pievented a laige piopoition of the i 
unde^ii lido pioblems The piinciple most often disiegaided m these cases was that am 
putation 1 ^ 1 -ound method of tieatment and not a last lesort 

DISCUSSION 

Dr \lldfedge, New Orleans, Louisiana Colonel Spittler and Colonel Taylor have 

an e\hau‘'t)\ c of the causes for amputations in the Army during 1&17 and 1948 They have a so 
attention to '■onu of the most important fundamental aspects in the care of the seriously injure e\ 

The authoi ■- deceit e ciedit for presenting such an honest statement of the results of surgical treatmen 
not onlt faiU d in the end but often used up seveial years of the patient’s life dialcrt' 

We still sei an occa'iional War Veteran who, despite seveial major operations with good 
suits, finally ieque«ts imputation, aftei having earned on fairly ivell foi seveial y'ears I agree t 
important foi ey eiy c i^e to be caiefulh'^ evaluated early' by' expeiienced suigeons, so that the nuni 
amputations can be i educed to a minimum 

Dr FR.y.Rcis IMcKeeier, Los Angeles, California The authois have patict' 

tients, mostly battle casualties of Woild War II, yyith seveiely injuied extiemities Include 
yyath compound, comminuted fiactuies, extensive soft-tissue damage, and, in many “ „f(s, bo 

nerve injury and infection After attempts to salvage the extremities of these patients ® 
grafts, and nerve sutures, amputation yyas finally lesoited to, these repiesent failures, m e 
constructive surgery It is unfortunate that the authors have not tabulated the percen age 
group of battle casualties of World War II yyhich this group of failures represent It is cer ^ ^ tP 

a large group of those injuied m battle, yyith extremities injured just as seiiously as plant ' 

group, yyho are still using their aims and legs comfortably and satisfactorily, and for w o 
program of reconstructive surgery yy as successful , jpomed to 

The point of this paper is, I believe, that a program of reconstructive surgery wine i 
should not be contmued indefinitely ,*'yydien the success of a bone graft and multiple-s ag 
operations yvill result in an extremity so limited in function by joint stiffness, ^ ° g an ampu*’’ 
impaired sensation that it is a diayybaek rather than a benefit The patient s lou 

{Conhnved on page 819) ^ 
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lOFVl'T'lS OF PAHTIAL SENSORY DENERVATION OF THE HIP 
FOR RIOLIEI' OF PAIN IN (’HRONIC ARTHRITIS^ 

in m MAMIN I oni i i/, m n , l ma\m mi i oc mi', m d , llmer milch, m d , 

\M) lin INfi in MAN, M I) , JU'l I AI O, NLW AORK 

I roin (he UutversUt/ of Buffalo Sdionl of i\T((lu,inc and 
The Buffalo Gtiuial llo'tpilal 

Clironu .ulhntis of I lie Iiiji Ii .ih\ ly-i boon i rliffuiill pioblem foi the oithopaedic 
suigeon The innin iion-opei.ifne uul suigic il piocerluies Mhich aie cunently piactised 
are well known 'ind (hen liinilalions 'ue letognized To these piocedmes may be added 
the opei ition of ‘-enson denei\ alioii of (he hip foi the lelief of pam This papei repoits 
the cailv effetts of ]) u (nl ''enson denen 'ition, i pi occdinc which gave some measure of 
relief fiom pun to (wenta-eigld of foIt^-(wo patients 

Pain iv the m ijoi di" ihling f u (oi in chionic aithiitis of the hip, legaidless of etiology 
Othei factoM include ''P i^ni, defoimita , Iimitalion of motion, and weakness The location, 
charactci, ind mtcnsit\ of (he pun van gieatly with the indnidual patient, but there 
seems to be no coiiel itioii between the type of aithiitis and the pain pattein Pam may 
be constant oi intermittent, ind ma} 
be dull to shaip in qii ilita IVeight- 
bearing, fatigue andweitlici changes 
iisiialh intensifj (he pain, while lest, 
heat, salicylates, and sedatnes gne 
tempoiai 3 ' lelief 

Definite patterns of pain (Fig 1) 
can be distinguished 

1 Obturator Pattern The pain is 
deep in the gioin and ladiates along 
the medial aspect of the thigh to the 
knee Occasionallj" it appeals to be in 
the knee, without associated pain in 
the hip or thigh 

2 Postenor Pattein The pain is 
in the buttock behind the hip joint, 
usuall}’^ without an}^ ladiation 

3 Femoral Pattein The pain la- 
diates fiom the inguinal ligament to 

the knee, anlei 101 H ^ 

4 Lateial Pattein The pain is ovei the gieatei tiochantei and ladiates down the 

lateial aspect of the thigh to the knee r , +v,o Lm 

The obtuiator pattern is seen in neailj^ all patients wut pain u ar n 
often It is combined w ith the posterioi pattein The othei patterns aie rai j 

e\cept in conjunction with the obtuiatoi pattern nf»ivp<5 to 

The* pL patterns me .efiex man.festat.ons of .u.taton of the = ^ 

He lap 10, nt The location of the reBex pam co.responds to the anatomical d.str,b,.t,on of 
the motoi components of these nerves in the thigh and uttoc c 

The hip joint IS supplied by aiticular of the second, 

1 Obturator Nerve These blanches arise fro 
third, and fourth lumbai neives 

, • Heah at the Annu.l Me.t.ng ot Th. American AeaB.m, of Oithopaeiho Snrg.ona, ChieaBC Illmoia, 

January 28, 1948 





Fig 1 

Common pam patterns m chrome aithiitis of the hip 
A Femoral pattern (anterior) C Lateral pattern 
B Obturator pattern (medial) 


D Posterior pattern 
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Fig 2 

Posteiioi senson neive supplj to the hip joint , , ^ 

Common pattein is shown at left The sensoiy bianch anses from the neive to the quacin 
femons, which is given off b\ the sciatic neive j i fmm 

\natomical variation is seen at i ight The sensoi \ nei ve anses_^ as an independent ner\ 
the sciatic trunk m fi\e of twent\-foui dissections peifoimed b\ Kaisei 


A Accessoiy Obtwatoi Neivc These blanches aiise fiom the vential divisions o 
the thud and fouith lumbai nenes, and aie piesent in 20 to 30 pei cen o 
the mdmduals , , t 

2 Femoml Nave These blanches aiise fiom the doi sal divisions of the secon , 

and fouith lumbai neives, by ttaj’’ of the bianch to the lectus 

3 Sciatic N^eive These blanches aiise fiom the tvo vential divisions o lo 

lumbai and fiist sacial neites, bv vav of the bianch to tie qnn 


IS * 1 f 111*^101 

Anatomical vaiiations in the disti ibution of the ai ticulai blanches fiom le o i 
and accessoi}'^ obtuiatoi neives aie lepoited m detail b}" Kaisei His issec lo^ 
lessei vaiiations m the capsulai blanches fiom the sciatic neive to the pos 
of the hip joint (Fig 2) No satisfactoiy appioach to the aiticiilai bianc les o 
neive has been found, and this deneivatioii has not been attempted ^ 

Spasm and contiactuie of the muscles supplied by the motoi o 

neives pioduce the flexion, adduction, and exteinal-iotation defoimitj 

chiomcaithiitisof tliehip Spasm can be demonstiated objectivel}'^ 3'' f g ^^g,e mad* 

(Figs 3-A and 3-B) In man 3 '- of the authois’ cases, electiom 3 mgiap uc s obtain^* 

to determine the piesence of tension in the adductoi muscles Recoi eitli?' 

■with a six-channel ink-viitmg oscillogiaph, vliicli picked up muse e po en 
suiface 01 needle electiodes The most effective lecoidings ® ^ the noinial 

electiodes weie inseited into the adductoi longus muscle of eaci ug ' ^^tllJ^'^ 

being used as a contiol The patient was lecumbent in a com oi a 
thighs supported foi complete lelaxation . gigctrical acti'd' 

In noimal human muscle m a lelaxed state, theie is no eia ^ 

Involuntaiy muscle tension in the foim of T 

of patients n ith all types of painful a. thi.tis of the hip, tested preope 
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I) O I I( ( (i(im\i)(,i ipliii 11 11 lilt.' (if '-p i-m in ilu iddiK loi nuis( Ic in a pitient with bilateral 
O'lto irlliriti' (if lln Inp Pm (ijii i ili\ i liunicniidi nn hnu 17 10-17 



llATION \I L OF DLNLRA'^ATION OF THE HIP 

Inteiiuption of all pain jiathwaj'^b fiom the aithiitic hip joint to the cential neivous 
‘ij'stem should ibohsh pain peiception This inteiiuption is possible at diffeient levels and 
bj'diffeient appioaches Choidotomy, posteiioi ihizotom}'' of the thud and fouith lumbai 
sensoiy loots, and pei iphei al sensoi v denei a ation of the hip joint ha\'’e been piactised The 
least harmful and least difficult opei ation is that of paitial denerAmtion of the hip, Avhich 
consists of obtuiatoi neuiotoni}’^ and section of the neiAm to the quadratus femoiis 

Camitz, in 1933, hist lepoited section of the obtuiatoi neiAm to paialyze spastic 
adductoi muscles in osteo-aithiitis of the hip He Avas not concerned vith mteriupting 
t'he aiticulai sensoi y blanches of the obtuiatoi nenm 

TaA'^einiei and Godinot, in 1945, lepoited in detail then expeiience with the suigical 
tieatment of osteo-aithiitis of the hip Between 1934 and 1943, they peifoimed obtuiatoi- 
neive section on fifty-seven patients Thiough an extiapelvic appioach, they sectioned the 
Posterioi branch and the aiticulai blanches of the obtuiatoi neiAm in tventy-fiAm patients 
the othei thnty-two, they sectioned onlj^ the articulai branches Immediate results 
showed lelief fiom pain m forty-five of these patients, but, aftei a longei observation 
period, only 38 pei cent still had good relief from pain Between 1943 and 1945, they 
^mbined the obtuiator-nenm section AAuth section of the neiAm to the quadiatus fern oi is 
^ twenty-foui cases, tA\enty-tAvo had satisfactoi3’^ lelief fiom pain Other suigeons haAm 
lepoited then experience AAuth this operation 
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Selection of Patients 

The patient selected foi denei vation is one ivho has the obtiuatoi oi posteiior pattern 
of pain, not relieved conseivative therapy, m whom standard oithopaedic leconstnic 
tion opeiations are contia-indicated because of old age, feebleness, obesity, oi lack ol 
determination, oi because the aithritis is bilateral The long convalescent peiiod and 
the economic buiden associated Avith these operations fuithei restiict the indications for 
leconstiuctive surgeiy Paitial deneivation of the hip can be peiformed legaidlcss of 
these contia-indications 

OPERATIVE METHODS 

1 Obtw atoi New otomy 

This can be done by eithei the intiapelvic approach, advocated by Selig and b\ 
Chandlei and Seidlei, oi the extiapelvic appioach advocated by Taverniei By themtra 
pelvic neuiotomj’-, the entiie neive is sectioned before it gives off its sensoiy branches to 
the hip The exposuie is extiapeiitoneal, and is easiei to perfoim than the extiapehic 
appioach to the neive It is paiticulaily applicable to bilateial cases and is the author-’ 
method of choice 

The extiapelvic appioach to the obtuiatoi neive has been advocated by Tavernier 
and his associates, because it peimits section of onlj’- the sensory branch, without tie 
adductois being paialyzed According to then waitings, the articular bianch is given off 
lateiallj fiom the posteiioi division of the obtuiatoi neive aftei it leaves the obturator 
foramen No such constancj" of distribution has been found in the authors’ dissections 


A I nil ayelvic Appi oach 

The intiapelvic technique employed by the authors vanes only slightly fiom that 
desciibed by Chandlei and Seidlei The same incision may be used for unilateial oi h 
lateial intiapelvic obtuiatoi neui otomy 

Before operation, an indw'elling catheter is inserted so as to avoid distinbing tie 
uiinai}'’ bladdei The opeiation is performed wath the patient in the Tiendelenburg poi 
tion, w'hich permits the extiapeiitoneal portion of the pelvis to be explored moie easii' 
Complete relaxation of the lectus muscles is essential, and can be achieved though t f 
judicious use of cuiaie by the anaesthetist , 

A Pfannenstiel incision is made in the pubic fold (Fig 5), bounded on each si 
the hnea semilunaiis, including the slnn, subcutaneous tissue, and supeificial fascia 
lectus sheath is split tiansveisely acioss the bodj*^ of both lectus muscles oi over on 
of them, depending upon wdiethei a bilateial oi unilateral neui otomy is to be j 

The distal portion of the lectiis muscle is then separated fiom the anterior sheath ^ 1 

pi ess dissection Aitei the lateral boidei of the lectus has been exposed by means 
dissection, the bladdei and peritoneum aie reflected posteiioily and medially, le ^ 
secting fingei then sw^eeps out laterally ovei the obtuiatoi foiamen, along the 
of the lesser pelvis, until the neive is palpated At this point an aneurj^sm boo j^s^P^ 
about the neive and it is gently sepaiated from the suiiounding stiuctuies } 
section The neive is pinched with a clamp to evoke contraction of the ad uc 
confiim the identitj'' of the neive befoie it is sectioned At least an inch o le 
excised between ligatures The wmund is closed m layeis 

Care must he observed not to injuie the epigastric vessels when tie opei 
fleeting the bladdei and peiitoneum posteiioily and medially 


B Eib apelinc Appi oach thigh 

A vertical incision, five inches long, is made in the upper The 

point halfway between the femoial aitery and the sj^mph 3 ^sis pu is J ^ 
culaneous fat is divided and the vaginal fascia of the thigh is sp i m e 
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Tills IIh’ 1 iti'i il l>t'i(l('i of llu' iddiuloi lon{;iis and Uie adjacent boidei of the 

poitineii^ I'lu'M' two nuiM le^ ne sc'p ii iteii ind leli.u ted The ob tin atoi ncive is easily 
tmind in the inten d lii'twc'i'ii tli('s(> iniisdes 1 lie antenoi bianch lies betw'een the ad- 
(liietoi loiif^us md the iddiutoi biiwis, wlndi is pist beneath it It is tiaced pioximallj^ 
until the obtm itoi foi mien is le idled I'lie obtiiiatoi neive divides into antenoi and 
podeiioi hi indies iisii ilh ifti'i le i\ iiifi; the olitmatoi loiamcn Lateial blanches from 
pitliei tlie inteiioi oi posteiioi bi indies iie looked foi and, wdicn found, are divided The 
antenoi indposteiioi bi indies iienit .isdosetotlu obtiiiatoi foi amen as possible, and 
ihout one null of the nei\e is lesected 'I lie iiu ision is then closed in layeis 


2 Po'^tciwi Dciiriintion 

The skin incision is in ide in 
the distnl two thuds of the line 
di iwn fiom the postei loi sipiei loi 
spine of the ilium to i point h df- 
wac lietweeii the nieitei and 
les'^ei tioehuiteis (Tip; 0) 1 he 

snbciil incous f it is dn idcd in 
this line to expose the pint leiis 
niaximus The fibeis of the plu- 
taens aie split blunth in then 
long axis si irtinp it the gieatei 
tioclnntoi The eiitiie depth of 
the muscle is di\ idcd and ic- 
tiacted foi cibh , exposing the suli- 
gluteal fatl\ aieolii tissue, in 
which can be seen the sciitic 
nene The nen e is not disturbed, 
but the fat toxciing the cpiad- 
ratus femoiis, infeiioi gemellus. 



1 1& 4 

Extiapclvit teihniquo of olUuraioi neuiotomj 


obtuiator inteinus, supeiioi ge- , i musdes 

melius, end pinfoim.s at tl.o mte.tiocUanto.o Ime is dmded to 
A blunt mslniment .s mt, educed undo, the mse.t.ons of f 

teinus, and those muscles aio divided close to then ^ L.ivmn hiD capsule by 

.a,d and mod, all, as fa. a, possible, being best peeled off the imde.lymg hip capsule b, 

compi ess dissection Veiv little bleeding is encounteie finm iniuiv The 

These muscles, when leflccted, seive to w^rthe^road quadiatiis femoiis 

posteiioi poition of the hip capsule is to the quadiatus femous can 

forming the low ei boi del of the opeiatixm field „lnr to the muscle and enteis 

often be palpated a, a co.dhUe strnctu. e d..t tl7on bone and ,s 

the undersuiface of the muscle neai the ischium is lequiied to mobilize it 

coveied by a veiy dense fibious fascia, so that s^ aip quadiatus femoiis 

When the neive has been exposed, It IS pmche m 

IS seen to contiact The neive is then cut j^ianches fiom this neive to the hip 

pioximally by incising the ovei lying dense 

capsule are looked foi and, w^hen found, leached or until it dis- 

possible, until its ongm fiom the underside o uossible 

appeals under the piiiformis The neive is m undeisuiface of the reflected 

The neive to the inferior gemellus is fou , possible This nei ve mav 

muscle, and is cut at its insertion and ti aced p. ox.mally as lai po 

also give rise to aiticulai blanches cmfie nene, jnsl aboxe the nine 

OcuMonally a la.ge seuco.v In.inrb cornea off Ibe scntic 
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]' All UUEb 


Ostco arthritis 
Hiiouiii ifoiil irlliritis 
M ine-Stnlini)pll divi 
\«il)tic iKoroeis 

Po«(-triuiin(ir 

Idiopithir 

CoiiRonitnl dislouidon 
Old Pcrilu s' di^p L'-e 

Tot ds 


No of Avenge Age No of 
P^ls (Vean) Failuies 

21 05 g 

“> 47 1 

< 4 '-, I 

2 38 2 

1 40 1 

>2 


to 11)0 qi, idi.Kus fcmoiis. „kI Mills p u itioi lo (ii,s none as lai as the hip loint, A\heie it 
dnifJcsinlosm ill hi mdios nul oiKois (ho hip i ipsiilo Thisnenemust belookedfoi and, 
iffotmd losodod I( w is pu-sont m (ixo of (wonh-foiii disscclions made by Kaisei ^ 

The duidod and lofloolod lolaloi mtistics aio (hon sntuiod to then place of mseition 
a( (1)0 gionloi (lodiaiiloi 'I ho glut loiis ma\nnus (ihois como together easily, and the thin 
oicrhing fasi n is suttiiod loosoh Riiliiiit meons ind skin dosiiies aie peifoimed m the 
tistial niaiinoi Nodi ‘tins tionoedod 

The in(i ipoh i( obttiiatoi neiiiolonn nul posteiioi denoiyation ate pei‘oiraed as one 
opoialion, hilalei tih if dosnod 1 ho postopoiatn c caie is simple, and the patient may sit 
up 01 e\cn get out of bed on (he (hu aftei the opeiation The usual peiiod of hospitalization 
IS loni eiglu to ton cl ns No son()us opciatue comj)Iutitions ha^e been e\peiienced 
This lepoil IS I) iscd tijion o\jDoiicme with piiitial denenation of foit} -eight hips in 
forh-(wopa(ioiUs, (icaled between Ma5 1946 and Octobei 1947 (Table 1) In all instances 
lie aithiitic dianges in (he hip joint weie well adyantod chnicalh and loentgenogiaphi- 
eally Consenatno llieiap5 had been tned without beneht m all of these patients The 


TABLE II 

Ol'EHATlVb PnoCBDURES 


Relief No Relief 


Obturator rieurotoin 3 ’' 



Intrapelvjc 

10 

2 

Evtrapclvic 

10 

11 

Posterior denervation 

2 

0 

Combined one-stage partial denervation 

6 

1 

Totals 

28 

14 

===-- 

(67%) 



^ailiest cases weic tieated onlj^ extiapelvic obtuiatoi neuiotomy Aftei seyeial failuies, 

e authors changed to the intiapehac obtuiatoi -neive section wuth bettei lesults In 
patients with the obtuiatoi pattern of pain, only the intiapehuc obtuiatoi-neiye section 
appeared to give lelief Twm patients wnth the posteiioi pattein of pain weie leheved bj 
posterior denervation alone Patients with the obtuiatoi pattein plus posteiioi oi othei 
patterns of pam weie subjected to the combined opeiation of mtiapehic obtuiatoi neu- 
lotomy plus posteiioi deneivation Some of these opeiations weie done m tw o stages, and 
' "as possible to evaluate the early effects of the obtuiatoi neuiotomy before the posteiioi 
^aueivation w^as peifoimed In the last seven patients the combined operation was pei- 
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foimed in one stage, n ith satisfactoi}' lelief of pam in si\ patients (Table 11) In this se^p^ 
no attempt Mas made to locate and section the accessoi}’’ obtuiatoi neive 


EARLL EFFECTS OF PARTIAL DENERACiTION OF THE HIP 

Not enough time has elapsed to peimit a final evaluation of the lesults of tins opeia 
tion Since thej" Mere based on an obseivation peiiod of fiom thiee to tMTuty months, up 
can lecoid oui impiessions onl}’’ of the early effects It is hoped that fuithei observation 
and expel lence Mill peimit a moie valuable end-iesult study 

Pam 

Accuiate evaluation is not possible, because of the subjective nature of the i espouse 
Complete lelief fiom pain is laiel}'- acknoMledged, but paitial lelief is accepted mtligrati 
tude b}^ most patients m Mhom the opeiation succeeded Residual postopeiative painb 
usually of a mildei chaiactei and a different pattern than the pieoperative hip pain 
Patients Mith the obtuiatoi pattern of pam maj’’ get relief fiom obturator neuiotomi, 
only to be avaie of pain of lessei intensity in other locations about the hip joint 

An estimate of the relief fiom pain ma3’' be obtained bj'^ the diminished need foi aspirin 
01 sedatives, oi b3’- the degree of lelief noted b3’- other membeis of the family M^hen the pa 
tient IS recumbent, sitting, oi m alking Some patients, mRo felt no impiovement in the hip 
pain Mhen m alking, lepoited lelief Mdiile at lest Most reported that the3'’ slept better 

The eaihest effect of the operation on pain is seen almost as soon as the patient re 
covers from the anaesthesia Pam in the operative aieas does not mask the relief from deep 
hip pain Radiating thigh pam disappears, along Mith a feeling of tenseness in the thigh 

Range of Motion 

In \ ei3' feM of the patients has theie been a measurable increase in hip motion after 
this operation Most, hoMevei, have been able to abduct then legs better and to assume a 
bioadei stance Otheis lepoited that the3'’ M'eie able to put on then shoes and stockings 
after the operation, a pioceduie prohibited pieviousl3'' b3’' pain This Mas a welcome 
impiov ement 

Spasm 

The patient is anaie of relief from tension in the adductoi region as soon as here- 
coveis fiom the anaesthetic This is veiified b3’’ postoperative electiom3’'ogiaphic tracings^ 
Mhich shoM almost complete disappearance of the pieviousl 3 '' observed spontaneous muse 
actmty 

Strength 

One detrimental eail3r effect of the obtuiatoi neuiotomy is the Meakness 
the hip in a fev patients, due to the loss of leinfoicing flexion action of the addiic oi 
and adductoi bievis This Meakness has not added to the disability of these pa len 


Sensation 

Postoperative neurological examination shoved an aiea of diminished 
the medial aspect of the thigh, just above the knee, m a fev" patients T ley c 
of numbness in this aiea 


Deformity ersistcnt 

TliQ operation has not collected an3'^ existing defoimit3^ Undoubtedly , 

attitude of flexion, adduction, and external lotation is due to fixe ^jje articu 

QOt influenced by the release of spasm of the involved muscles ^ couise 

lating surfaces of the hip joint also influences the defoimit3’’ an is, 

altei ed by the denervation pi ocedui e jj,r 

and joixr SI- 
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Shot icinnq 

Slioiloiiiii}!: ni’( inflm'iKi'd l)\ (lu> oiici it ion 
Joint Chaiiqrs 

I'ollow-np iocMi(fi<'nof>;i mis Imi' not disclosed ,my cliangcb in the aithiitic piocess 
Moic linio \mII lie nc'oded to in dinto tlu' cITc'cl of the opciation ou the couise of the 
ntliiili'^ of (he hip 

In fouiloen of the folt^-t\\o ii'itients, ihsolulelv no lelief fiom pain was evpeiienced 
Most of those fiihiies weie in jiitients tieated liy tlie evtiapelvic obtuiatoi neuiotom}'^ 
Kcopci it ion w is not done 'I he iiithois eotild not jnedut success oi failure in any patient 
bcfoic sill gen 


( OiNC l USIONS 

Paitiil deiien ition of the hip has hecai jxa foi ined foi the lehef of pam m vaiious 
tepes of (Iiionic iithiitis of the' hip '1 his ojk'i ition consists of an mtiapelvic obtuiatoi 
iieiirotonn and spction of tlie nc'nc' to the cpi.idiatiis femoiis It is lelatively easy to 
perform and piodiicrs no constitution il leiction so that it is ipplicable to a laige gioup 
of patients 

Of folt^-t\\c) iiitients with |).iinful iitiiiitis ol tlie hip who weie thus treated, satis- 
facton I chef fioin pain w is obt lined in tw cut ^ -eight 1 he longest postopeiative obseiva- 
tioii peiiocl w IS t^\ent^ months M hen obtui itoi ncuiotoim alone was used foi the relief 
of pain, it w as found tint the inti.ipeh ic ippioach was moie effective than the extiapelvic 
operation Ele\en of the fouitceii failuics in this stiics weie tieated bj’' extiapelvic ob- 
tuiator-nei \ e section Lack of consistently satisfacton lesults nii}’^ be attributed to 
anatomical vaiiations m the sonson none supph to the hip 
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DISCUSSION 

Dr Emanuel B Kaplan, Bronn, New York Di Obletz’ paper is very mterestmg and timely Tins 

nethod, which was initiated m Sweden and used widely m France, is a useful one e a a pa len w 
'tane Strumpell disease upon whom we tried the method in 1945, by the extrapelyic route, on one lup I he 
wtient felt so well that he asked us to do the operation on the other side The result was so satisfactoi^y tl a 
'e returned to his work as a gardenei Since then we have operated upon fifty-four ^ ® 

'Dot Rail be published shortly, and we have now operated upon twenty more We have 
y VIC method, because it appeared more simple It is important to place t e incmion a ong loneus 

f the adductor longus in order to locate the obturator nerve m the interspace between the ‘^Jd^tor longus 
“d the pectineus It is easy to identify the two branches of the nerve m the 

The posterior route, which we liave used in three cases only, is s^ig y more . « anoroach 

“d. H IS necessary to extirpate the nerve to the quadratus femons We use a 

think IS simpler With the apex of a semicircle over the greater ^ ^ one b an h 
“ fie femu. and the other is almost parallel to the fibers of the glutaeus inaximus Tfir°ngh thm we 

the femoral insertion of the glutaeus maximus This is an area wRere bleeding occurs Bleeding is much 
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easiei to contiol ^\hen the glutaeus maximus is fieely retracted We have to be extremely careful beciu 
the inferior gluteal aiteij ma^ be injuied, lesultmg in severe bleeding 

Tins method opens new horizons as to understanding of pain in joints We all thmk that the ordinal 
articular neive branches aie going the way they have been desciibed b 3 " Dr Obletz and mam anafomi t 
Xot much is known about the micioscopic endings of those nei ves We have absolutely no idea how tin pai 
stimuli are cairied to the central nei vous system Investigations show that rhizotomies and poriplieril nen 
section do not prevent the expeiimental animal from having painful sensations as a result of irntation of tt 
exti emities 

In the posteiior appioach, Di Obletz divides not oiilj the nerve to the quadratus femoris, but alsitli 
external rotatoi muscles, in the anterior approach, the neive supply to the adductor muscles It is po&ib' 
that he thus inteiiupts the scnsoiy nei ves to the muscles and the motor nerves, which would amount I 
indiiect tenotomies 

Dr I Albert Kex, St Louis, Missouri I have used this operation foi over fifteen j ears for piinii 
the hip Roj" Abbott and others use it foi spastic conditions of the adductor muscles The intrapclncap 
pioach was described bj' Sclig about 1915 The reason that it has not been discussed in the American liten 
ture IS pi obabl}" because the i esults ai e so uncei tain In man}" cases the i esults ai e satisfactor}^, but one cin 
not predict what wall happen when an obturator neurcctoni}^ is done foi the lelief of pain 

The operation is lelativelj simple, but the obturatoi muscles cannot be deneivated without producinj 
weakness of the adductoi muscles If both blanches arc cut, the patients are unable to cioss then legsiduli 
sitting, thej lack cnduiancc in walking, and some of them lack stabilitj Foi that reason I have felt tliatl 
would letiirn to the external loute and cut only the deep oi posterior branch If them is a strong adductor 
contracture, I divide both blanches Dr Rej nolds and I have i epoi ted twentj cases done by the intrapelnc 
route, sLxteen patients had w hat w e thought w eie satisfaetoii' results over a short period, but none of then 
have been operated upon foi longti than two jeais Man} of thosewhom weiegaidedassatisfactoryhaiea 
w eak limb 

Foi seveial jmais I have combined the obturatoi neiiiectomy w ith a Snuth-Petersen acetabuloplastv 
and have obtained moic satisfactoi} lesults than with cithei operation alone The more I operate on thes; 
old painful hips in older people, the moi e I am inclined to consider that the best therapy is a cane or a crutch. 
That 3 ou can depend on, with i est If the patient w ill not i cst and demands an operation, obturator resection 
IS a relatuely simple pioceduic and it usuall3 gives about 50 per cent relief of symptoms It does not gwe 
complete lelief, and it ma 3 " leave objectionable weakness of the cxtiemit 3 


DISCUSSION 

Use or Homogenous Bone and or the Merthiolate Bone Bank 
{Contnnicd fiom page 799) 

I should like to corieet Dr "tA ilson in tint wc claim no infection in a clean case, but have d 

drainage m infected cases Experimentally and clinical^q them has been no evidence of tissue se 
toxicity from aqueous meithiolate solution, used as a pieseiving agent foi bone 

Dr James B Weaver (closing) It is a piivilege to have my paper discussed by such eminent a 

as Dr Incldn and Dr Wilson I am in complete agmement wath Di Incldn’s remarks 

Dr Wilson feels that I am somew hat discouiaged Let us sa 3 ^ that I am not so en u ^ p^per (0“ 
one time, but this change is for the bettei One of my fiist cases w as the last one i epor e ^i 
6-S),— the repair of a large bone defect in the tibia, caused b 3 ’- osteomyelitis The resu ^w 
ble, and led us to use preserved homogenous giafts with the expectation that t ey amp’f! ‘”1’*, 

than we had ever expected from autogenous grafts This was based on the assump ion pnncip 

of graft material might offei a gmatei chance of success This assumption is in pa ^ grafts 
in bone-graft surger 3 ’^ must be observed I am continuing the use of preserve true if i”'*’ 

This IS a small series and the statistics aie apt to be misleading Tins 
only the percentage, and does not take into consideration the large num er o 
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onruu won NI-:u]^E^To^^Y for coxalgia 

Ax Axno„„ V, „„ Om^.roH Ne.vc. 

in liomiu \ KMsiw M I) , mn lAio, Ni w 'kORK 

Iron, the ofththovnulu S, . luh.nut T Va,u Mcmounl IlosptlaJ, Buffalo 

njullhr Dcpmlmnitof [>wlom„ I of Buffalo School of Medicine 

The )n Uonn of tl,o Inp joint in lenn. of ,1s none supply has, m lecent yeais ,e- 
ooncci nuKh ittontion 1 1„. 1... been .IneOh .Inc (o (he lopoits of Ta^einieJ and his 
apoeu e. nuhe din^ h it murr .! .,(( uk on (he senson fiheis to the hip joint fiom the 
0 u, 1 0 , nene uid (he none to (he ,,n nli .(ns fenioiis lould not only be accomplished, 
,s attended b^ jiood lesnlts n, p, dents u,(h pamfnl hip disoideis In the eldeily 
T' ' n '>-l<>bnc dlv unsnitod fo. a inajoi suigical pioi 

prohleiii 'dx'! lOons ippened (ooJTei a simple solution foi a difficult 

IieqneiKh Iio'\e\ei (he ojiei King Miigeon does not seek out the capsulai hbeis. 

It contents Inm-elf uith the levs tedious ( ,sk of scrtioning eithoi the obtuiatoi neive oi 
le iiene to (he ciu idi Ktis feinoiis feeling sec me tint his le^ cl of section is above the 
Doint at uiiRh c ipsul „ hbeis ne gnei, otT Tins appiouh makes the evaluation of these 
opention^ difTeuK Siucessful lesults (ould be ildibuted lo fictois othei than depiiving 
le capsule of p n t ofitsseiison innenadon Reliel might be obtained, following smgeiy, 
rom the luoinp uniiig denen Kion of defoiining musi le masses (adductois and exteinal 
ro a ois), thus lehoMiig sp ism oi (oiieiting mustle imbalanre 

Until 1 luge senes of cases ha\e been lepoited in which suigical attention is dnected 
vcusi\el\ to the semon fibeis to (he c.ipsule, <nui an etiualH iaige contiol senes aie 
5 ti led in winch (ho scnsoi \ hbeis no i\oidcd,bu( themuseulai blanches aie seveied, the 
e'u ts will be questionable Befoie eitliei of these studies can be accomplished it becomes 
leeessaij' to scni(mi7e ceit im ispects of (he neuial anatomy of the hip joint 

^b(malo) Xciic 

In curienf, simdaid anatomc texts and lecent publications, one finds not only a 
'ergence of opinion legaiding the capsulai fibeis, but a ceitain vagueness about then 
oiirse and disfnbution The anatomies of Giajq Giant, Moms, Cunningham, and Piersol 
•e the antenoi bianch of the obtuiatoi as the soince of the sensoiy fibers Pieisol’s 
Jialotmj mentions, in addition, a bianch fiom the posteiioi The fibeis aie desciibed 
anously as going to the hip joint, the acetabulai notch, or the anteiomedial portion of 
capsule Taveiniei and Goclinot favoi the posteiioi bianch as the most fiequent point 
^origin foi these fibeis cvhich, thej^ state, supply the anteiioi poition of the hip capsule, 
lead of the femui, and the acetabulum Kaplan, on the basis of tiventy-four dissec- 
jl'11‘5, found that the capsulai blanches of the obtuiatoi nei ve came, most fiequently, fiom 
e common obtuiatoi tiunk in the obtuiatoi canal Gaidnei confiimed this observation 
ei seven complete and foui paitial dissections of adult joints in addition to the study 
seiial sections of foui foetal joints 

Jn an effoit to obtain a moie exact and detailed pictuie of the nenes to the hip joint 
'■ow the obtuiatoi and accessoi^^ obtuiatoi neives, dissections weie undei taken Foui 
e mimaiy exeicises weie done to deteimine what method of attack might best lend itself 
, demonstration of these blanches Finallv the following pioceduie was adopted 
“ aveia weie tiansected thiough the lumbai and uppei femoial aieas and then split 
^Sittally thiough the mid-hne The peiitoneum and pelvic oigans weie stnpped fiom 
hemipelves, and the obtuiatoi neixm was tiaced fiom its emeigence fiom behind 
^ psoas muscle to the obtuiatoi canal The iliopsoas w'as i effected lateially, and the 
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legion of the iliopectmeal eminence ivas inspected foi an accessoiy obturJt 

obtuiatoi inteinus and its fascia, in each instance, was caiefully lee r 
membiane to facilitate the tiacing of those blanches which too v oiigin jgnio\e(l<*' 
all lelationships had been obseived, the hoiizontal lamiis o tie pu^ is followed to th 
canal was cleaied of fat, and the fibeis picked up to this pom of’ 

teiminations Twentj^-foui dissections weie done Aj^ggt filaments tn'' 

specimens weie photogiaphed foi futuie lefeience, and a ew o djggection contmu 
to the capsule weie subjected to histological study, to ® , gj^all 

could be lehed upon No statistical values can be derived fiom sue 

obseivations, but the findings seem to be of 'Jfgounteied, vhich de® 

Two blanches of the obtuiatoi neive weie fiequently are much 

desciiption and le-emphasis In lefeience to hip-joint j^^g been dc if 

impoitant than eithei the anteiioi oi the posteiioi la joint 
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A III itKili'- of lh( lliKi 1) i-'l< piltdii*' 

/ Hr iiK !i 1o tlu pulioi 11 lig uncut 
// Hrinrli going tliioiigli the if(t ilnihr notcli 
III ill iiidi Mi))i)liiiig the ohuiiatoi e\tcinus 


b\ KapKn uul h\ G udiioi , it ( ikt s i(^ oii}!;in fioni llic obtiuatoi npi\e in the canal, fiom 
whence it ]i.i‘'‘=('‘' luijniinti; tlie litci il lionc aspect of the passage, to the pubocapsulai 
ligament whuh i'^ diietth uli uent to the outlet of tiie olituiatoi canal 

Fiona tinat' to time this lii.uich laid i douhk ile-'tination suppl3ong the capsular 
aiea and then jn^^'ing ]io^leiioih oaei the tiansaeise .icetahulai ligament and into the 
acetabul ir notch, pio‘'Umibh to Mipplj the ligamentum teies One should not get the 
impicision that tins hianch is roiisistciitli/ given of) neai the outlet of the canal for %t may be 
found Icaviiiq the obtiiiatoi nciic anijiihcie in the canal and, at, a matter of jact, fiequently 
IS found at the inlet of the passage Not should one feel lhai the nene becomes cleaily visible 
iiniply by tracing the anfetioi at posteiioi hiaiieh bael to the eoniinon tiunl 

The second bianch of piime impoi lance is laige m ^ize and (lUite constant, it was 
piesent in eighteen of the twenty-foui specimens It oiigmates fiom the obturator neive 
inside the pelvis In one mst.ince it w as found leaving the mam neive as far as 3 5 centi- 
meteis fiom the mouth of the obtuiatoi canal The usual couise of this branch is to the 
enhance of the canal, at which point it dips clown betw'een the obtuiator interims and t ie 
obturatoi menabiane, pieicmg the lattei to supply the obtuiator exteinus Fiequen y 
a filament is giaen off befoie the obtuiatoi membiane is passed, w'hich couises direc y 
to the acetabulai notch In si\ instances this branch bifurcated avithm t e P® 
component accompanied the common tiunk through the canal to supp y t e pu o emora 
ligament The othei puisued the usual path to the obturator exteinus In these instan es 

the acetabular notch was supplied by eithei blanch +i „ on+ormr 

Consideiation of the vaiiations (Fig 2) will make deal that mfiequently ^ 

01 the posterior blanches do supply the capsule This confiims le n mgs, 
frequency, recoided m standaid texts and by Taveiniei and o mo 

The detailed findings of the dissections are piesented m Figures 1, 2 and ^ ^ ^ 

sake of simplicity, the patteins of mneivation have aibitiari y een ^ 
three basic types d, 5, and C (Fig 1) Type A was found six times In 

geneial ariangement wms the same except that the singe lanc Another vari- 

hgament came not fiom the common neive, but from the posteiior bianch Another i an 

ation occurred three times,-the bianch to the pubocapsulai ^ 

acetabulai notch as w^ell Type B wms obseived foui times ne ya ^ 

specimen in w^hich the posteiior branch supplied the Pubocapsulai ligamen and t^e 
acetabulai notch Type C was present four times A vaiiation was found m hips 
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\ccesson obturatoi neives 

1 Blanch to the pubocapsulai ligament 
II Blanch going thiough the acetabulai notch 
III Branch supinj ing the obturator e\ternus 


tthich the acetabulai notch was mneivated by a filament fiom the neive to the obturator 
exteinus The pubocapsulai ligament was supplied, not onlj’^ b}'^ a bianch deiived endo- 
pelvicall} , but also by a filament fiom the anteiioi bianch of the obtuiatoi nerve 

Accessouj Chlxaatoi None 

The accessoij’’ obtuiatoi neive is lepoited to occiii m fiom 19 pei cent® to 29 per 
cent of ca^es® There is general agreement that this neive, when piesent, supplies! f 
capsule of the hip joint In only two specimens w'as this stiuctuie piesent (Fig 3) n 
the accessoi}'’ obtuiatoi splits and gnes a bianch to the common obtuiatoi neive, v 'le 
the othei bianch lavishl}' supplies the pubocapsulai ligament The bianch to the ace a ^ 
ulai notch is deiived fiom the nerve to the obtuiatoi exteinus, wdnch toov its ong^ 
wuthin the pelvis In the second specimen {B) one bianch of the bifurcated accessoij 
tuiatoi fuses with the anteiioi bianch of the obtuiatoi The othei couises not on 3 o ^ 
pubocapsulai ligament, but also to the acetabulai notch In this dissection, an a 
bianch to the pubocapsulai ligament fiom the posteiioi bianch of the o tuia o 

was m eMdence , ntor 'ci 

In these two instances the capsulai aiea supplied by the accessoi} o u 

about the same as that supplied by the obtuiatoi alone This is at ^ 
statement ot Gaidnei hen the accessoi 3 ' neive is not piesent, tns legio 
sule IS leached by the femoial neive ” 


COMMENT 


It wmuld seem horn this study that the nerve supply to the hip fi^^^ 
and accessoi 3 " obtuiatoi nenms is a tiifle moie complicated an 


adc" 


nd accessoi 3 " obtuiatoi nenms is a time moie 
Cl ally been indicated It would appeal that the canal is f 

blanches is inadequate In those instances where the exit o le o ^ ^gg,j 

quately explored and the capsulai hbeis aie identified an , oiesence of an af 

possibility that the neive to the acetabulai notch is piesen so, 
lessor Y obtuiatoi neive must be kept in mind „hnnce of sectioning *1' 

If the intiapelvic appioach is utilized, one ^ off However, with®” 

obtuiatoi neive above the point wheie the sensoiy eis aie gi obturatoi'. - 

o^„,o,at.o„ ol the .eg, on of the ,hopect.„eal ” a.eTof tl 

lecommended by de Sousa, one cannot be suie la 
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plicl In ll«. ol,(.„ ,1,,, ..ml „ 

"”7'"'' ' l>™" l»■..>osl.,s,s, Ihc obtaiato, neive ooold bj 

.ccl,onr.l ,UM, ,t ll„. m.nMli „f ll,, „blm c.m.l, „,il, U,c la.ge branch to the „b 

and (ho ])ul) 0 (.ipsul \i liR uiionl), goniK hoo 

Noti 1 lie luthoi i\i^lics to tliiink J3riij imiji 0I^I^^7 Ai T") Tm* i.tc 
and Oliver I’ lonoa, Pli D , riof(sM)i nnd Ilrnl of (hp DcMiifttiPti. nf A, project. 

School of Medicine, for llip in itpn iK nbt f) jiiid nhiu iokh \Mn,r.r. ^ An itomy, University of Buffalo 
Ins careful altcniion to 11, P, 11, isir'lion^ "i'.nKir.n Appicmfion is also given to M, M Diediick foi 
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Causrs I on Amputatioin 
(Continued fiom page804) 

rather than endure (he psj eliologie d devastation and economic loss resulting fiom a long period of hospitali- 
sation and multiple surgical piotcdures, and then finally have an amputation Particularly is this the case 
en onlj one extremitj is involved With this, I am m accord However, immediate or even earl}' decision 
amputate an injured extremitj is often wrong Many times, such a decision cannot be made mteihgentlj 
Of manj weeks or months after the injui^, particularly in young individuals Often the decision cannot 
ou' } be made until a program of reconstruction has been tried and has failed during some phase of its 

development 

I feel that the authois' statement that the fibula is useless m leconstruction of the leg is not tenable 
rue, the fibula m an adult cannot be expected to take over the entire weight-bearing function of the tibia, 
'8 A Mill not become hj pertrophied to that degree In manj instances, howrever, a synostosis of the tibia 
'l a the fibula will immensely simplify and leduee the extent of the necessarj^ bone-giafting and make bone 
’U stitution a more probable success The use of the fibula in a synostosing operation also may permit use 
a leg With a brace, which is still far superior to an amputation foi many people 
'Vhile unilateral amputation may not be a contra-indication to the amputation of the second extremitj , 

^ opinion it certainly makes the criteria for amputation of the second extremity much more stimgent 
1 ateral below -the-knee amputee may be very agile, but he is the exception rather than the rule There 
‘fe many bilateral above-the-knee amputees who left Service Hospitals on prostheses and canes, with then 
^ us up, ,v1jo are not using their prostheses at all todaj, and who are not ambulatory I believe that a sec- 
’“j^^^'-uemity should not be amputated until the patient is thoroughl) convinced that it is a deteiment 

I authors are to be congratulated for pointing out the necessity for careful planmng and foresight 
ore startmg an extensive program of reconstruction which may take years and accomplish nothing for 

ue patient 
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PROCAINE INJECTION FOR RELIEF OF PAIN IN THE HIP 

B1 WILLARD V ERGENBRIGHT, M D , AND FREDERICK C LOWRY, M D , IOWA CITI, IOI\ ^ 
From the Department of Orthopaedic Surgery, State University of loxia, Iona City 

The contiol of pain in the aithiitic hip has always been a difficult pioblem for tl 
oithopaedic suigeon The i\oik of Taveiniei and Godinot, Mallet-Guy and de Mouigiip 
and Ricaid and Fiancillon has demonstiated that pain in the hip can be leheved bj buig 
cal section of the obtuiatoi neive and the neive to the quadiatus femoiis The posaibilit 
of piocaine injection of these nei ves was suggested to the authois by Stemdlei Landmarl 
and the technique of injection weie ^^olked out on cadaveia 


TECHNIQUE 


The obtuiatoi neive is injected vith the patient in the supine position and then 
fected extremity in slight abduction, if possible The pubic tubei cle and the femoia] artor 
aie palpated, a maik is made at a point halfway betn een the two, and a thumb’s bieadf- 
beneath the inguinal ligament Digital palpation at this point will deteimine the siiperio 
lamus of the pubis The needle is inseited until it stiikes the superioi ramus It is tlici 
withdi awn a shoit distance and tilted so that, as it is leinseited, it passes along the inferio 
suiface of the supeiioi lamus to the obtuiatoi foiamen In the majoiity of cases the patien 
will complain of pain, ladiating along the anteiomedial aspect of the thigh At thispoinl 
10 cubic centimeteis of 1 pei cent piocaine is injected and the needle is withdiann 
For injection of the neive to the quadiatus femoiis, the patient is placed in the prom 
position with the involved hip m as much exteinal lotation as possible The landmark; 
aie indicated with a suitable d}^, such as gentian violet A stiaight line is di awn from tlit 
lovei end of the sacium to tlie posteiioi supeiioi spine of the ilium A point is marked at 
the junction of the lowei and middle tliiids of this line Anothei point is maiked on flic 
lateial suiface of the buttock, about one inch posteiioi to the gieatei tiochantei andona 
level v ith the lowei end of the saci um A w heal is made at this site, and a long, dull needle 
IS inserted The needle is diiected tovaid the point indicated on the line between the tip 
of the sacium and the posteiioi supeiioi spine and, as it is inseited, it is tilted tofoiman 
angle of appioximately 45 degiees vith the table (Fig ]) The inseition is continued unti 
the needle sti ikes bone If it has been dn ccted pi opei ly, the tip will be against the 
suiface ot the bodj;^ ot the ischium, just lateial to the sciatic neive The dull point o ^ 
needle is then caiefull};^ “ woiked ” medialb’’ along the bone foi anothei 1 oi 2 centime c 
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Floqucnih (In- will lopiodiu p lli,- hip p mi KiKcdi (u 1 )k uMilimclcis of ] pei cent pio- 
iiinc i*; (lien inji'cd'd slowh d'lu' point of (lie neidle, l,cmg against the body of the 
ibclmini, illows ihe pioc iino to be dilTiiM'd dong (ho biond, fljt suiface of this bone, upon 
which he (ho none (o (ho (pi idiatiis foinoiis uui i(s ailiculai blanches 

HI sin is 

Twon(\-lhi(>o pitionts ha\o Ikm'ii (ioi((>d liy (his inediod The undeilymg cause of 
the hip 1)1111 in (ho-'i' pitionts iiu ludod osti'o- u (hi itis in cloven cases, congenital sub- 
liixation with Inpiutiophn iithiids m foiii i i^cs, ununit('d iiactuicof the femoial neck 
m tlnoc ( ISOS, pioMous utluoplastx ni two ( isos, tongcmt il dislocation of the hip xvith 
in old shelf opoi it ion in one c iso. old IVitlios disc iso witli aiihiitis in one case, and old, 
yiicscent atiophu iithiitis m one i isp 

Nineteen patients h id iininodi do ind (oinplete lolief fiom pain, both wdien at lest 
And dining motion, iftoi the Inst nijoition Foui p it lent s had little oi no relief In tw^o of 
hesc foiii, coiniilcte loliof fiom p iin followed i second injection, the next day The othei 
wo weie dischiiged fiom tlu‘ llospp d befoie lemjection was attempted These failures 
ire considered to be due to todinical eiiois 

In addition to loss of ji iin ( ighteen of the pitients showed an mciease in motion m 
heiniohed Iiiji In scxoial i ises (lioic w is in immediate deciease in the degiee of flexion 
ind of adduction (oiitiai (iiio J ho iinpioxemont in mobiht}'^ of the hip tiequently ivas 
issociated with disipjieii in<o of pun in the lowci poition of the back The five patients 
dio did not gain in motion iiu hided (he two who failed to obtain lehef from pain and 
hree whose lack of incie ised inobiht-^ could beexpiaini d on the basis of a mechanical block 
Foui patients coinjil lined of jiaiii in (he knee on (he affected side examination of the 
Jiee revealed no loc il c uisc foi pain One of these patients had an ununited fiacture of the 
smoral neck, the olhcis h id os(eo-ai (hiitis of the hip The pain in the knee was consideied 
0 be referred in natiiie, oiigin.iting in the hip Eacli of these patients expeiienced lelief 
f pain in the knee as well is in (he Iiip following piocaine injection 

The duiation of iclief fiom pain following a single piocaine injection xaiied fiom 
Iiirtj-si\ houis to thiec months, the peiiod of lelief apparent!}^ had no relationship to 
he sexeiitj’' of the symptoms 

DISCUSSION 

It is the authois’ impiession that the inci eased motion of the hip and the diminution 
f the flexion-adduction contiactuic following piocaine injection are due to lelief fiom 
am and to release of leflex spasm of the involved muscles No explanation is offeied foi 
le prolonged absence of pain following a simple procaine injection Howex'^ei, such an 
^perience is not foieign to those wdio have used piocaine injection of the sympathetic 
^ngha foi such painful syndi omes as Sudeck’s ati ophj'’ or causalgia 
|l Selective nei ve injection is a definite and useful addition to the methods now^ available 
l>r the treatment of pain in the hip It is not claimed that lehef from pain is peimanent 
Prowever, the lesult is immediate and the pain may be absent foi an indefinite peiiod of 
f nie The pioceduie is simple and haimless, and may be repeated It is useful m the 
^itient who is a poor operative risk, and in those foi w^hom aithioplasty or arthiodesis is 
fidesirable It may also be used as a theiapeutic test befoie suigical denervation of the hip 
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ELECTROMYOGRAPHY IN ORTHOPAEDICS n 

B1 ARTHUR L WATKINS, M D , BOSTON, MASSACHUSETTS 

From the Department of Medicine, Harvard Medical School, and the 
Department of Physical Medicine, Massachusetts General Hospital, Boston 

The oithopaedic suigeon is legulailj’- confionted with the pioblem of eiahiatin'’ 
disoideis of neui omusculai function Although locomotion, stiength, and skill can Iv 
tested faiil}" adequate^ foi clinical puiposes without elaboiate appaiatus, theie aiemam 
cases in Mhich diagnosis and piognosis can be ascei tamed nith gieatei accuiacy if niiisciihi 
activitj" IS analj’-zed in a moie detailed mannei Electiomjmgiaph}'- has non been clciel 
oped to a point Mheie conclusions can be dia\ra as to its usefulness to the oitliopacdK 
suigeon m the bettei undei standing of some of the comple\ities of neuiomuscular disea c 


CONDITIONS IN WHICH ELECTROMYOGRAPHT IS OF VALUE 

Pohomyehtis 


Consideiable mteiest exists as to the natuie of muscle hj’-peiiiiitabihty oi “spa«m’ 
in acute and comalescent pohomy'-ehtis The clinical featuies aie well known, but for 
then explanation inA estigatois have turned to the electi omirngi aphic laboiatory Nii 
melons lepoits fiom videlj' sepaiated clinics have indicated the piesence, in patient 
vith acute pohom} ehtis, of abnoimal electiieal activit}’^ in muscles at lest (Fig 1 ), whetiier 
thej" ha^e noimal stiength oi aie weakened The completelj" parab'^zed muscle 

on the othei hand, aie electiically silent, A\ith exceptions to be noted later Change m 
position 01 passive sti etching has been found to pioduce stiong discharges from tlio 
muscles in spasm, coiiesponding to the clinical findings of pain and tendeiness Tin 
tj^pe of electi omyogi aphic tiacing lesembles that lecoided from muscles splinting a 
painful joint, secondaij'' to fiactuie We cannot say, honevei, whethei oi not tliemeei 
anism is the same oi even similai, as the electi om3mgi am gives infoimation only ‘"is to 
amount and chaiactei of peiipheial actnity'^ What is occiiinng in the cential nenou 
S3"stem must as 3’^et be left to conjectuie 

Some of the h3’^potheses which have been suggested aie 

1 The disease, which fiequenth'^ involves the doisal loot ganglion, nia 3 '^ incite ea 
soi3’^ dischaiges which, m tuin, cause leflex muscle spasm in the coiiesponding sConi 

2 Iiiitation of the anteiioi hoin cells themselves ma3'^ pioduce h3''peractn iti 0 


coiiesponding motoi units . j 

3 Disease of the inteinuncial neuions ma3'’ deciease noimal inhibitoi3 
acti'\nt3q thus allowing h3'-peiactmt3’' of the lowei motoi neuions It has been 
so far to peifoim the ciucial expeiiments clmicalbq to diffeientiate these possi 


anisms 01 othei s which ma3’- be acting haicdi 

Aftei the acute stage of the disease, when the signs of meningeal iiiitation^^ 
appealed, much of this electiical h3’-peiiiiitabiht3'- also becomes fo 

E^en muscles that aie tendei to piessuie show little abnoimaht3" electrica 
those A^hlch aie onb^ paitialb"^ paiab’^zed In this case a diffeient t3’’pe of e ^pon 

IS usualb^ obseived A lesting muscle in the position of maximum I'’’ 

taneous high-voltage, low -fi equenc3’^ dischaiges which aie onb"" sligitj \^^j.ggactin 
sti etching (Fig 2 ) The same muscles, on attempts at voluntai 3 '’ motion, 
potentials of lelativeb' low fiequenc3'' and iiiegulai low" voltage Then j^g^al-ncri' 

ilai to the dischaiges lecoided fiom muscles paitialb’’ mneivated lom P 
mjuiies, paiticulaib^ duiing the stage of legeneiation of neives ( lo Chicago, HI'" 

* Read at the Annual ^Meeting of The Araencan Academj of Orthopaedic Su g 

t Aided by a grant from the National Foundation for Infantile Parabsis, Inc _ 
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anterior TI8IAL 



Imo 1 


Pi‘v«i\c pi ml ir (IpMon III inili imlioiini litis Sliowmi; li^ ppnriil ihilitj after passive stretching 



J<ia 2 


Partiallx ucakcntcl musdc with impaired innervation Spontaneous clectiical dischaigos m resting 
muscles ire an mdic ition of the surviv il of p irti ill\ functioning nc i \ t hberc in n ute pohomj^elitis 



Fig 3 

Spontaneous di«ch irges from resting jiaietic muscles during stage of increasing strength 


discharge has been lecoidcd mouths oi 3 ^eais attei the onset of the disease, and is gen- 
erall 5 ’- coi related chnicallj'^ witli a state of impioving muscle stiength (Fig 3) 

A fuither tj^pe of spontaneous dischaige fiom zesting muscles is quite diffeient 
These potentials are of extiemelj’’ low voltage and short duration, avitli iriegulai and in- 
constant frequencj'’ Then appearance is that of fibi illation, recorded fiom denervated 
muscles m the case of a seveied peripheral neive This type of fibrillation cannot be 
recorded satisfactorilj’’ with ink- writing electiomyographs, the cathode-ray oscilloscope 
‘•nd photographic film being more suited for this purpose (Fig 5) 

Electrom3’'ogi aphj’’ has demonstrated a fuither type of neuromuscular disordei in 
patients with poliomyelitis This is the co-conti action of muscles of antagonistic function 
during attempts at voluntary motion (Fig 6) This is a type of incoordination or sub- 
stitution which may disappear -with tiainmg m muscle re-education It may lepresent 
some synaptic dysfunction m the spinal cord, or simply be a poorly oiganized attempt to 
produce motion from many muscle groups when theie is a considerable degree of w ea ness 
Electromyograms may also be used as a rough quantitative measuiement of vo un 
tary powei duimg active conti action of muscle There is a correlation between muscle 
strength and the voltage of action potentials, although it piobably is not so tiustworthy 
a Quantitative measurement as an eigogiam Because of this appioximate quai^ita 
measurement which is possible, electromyography has been used to evaluate the ef^ctixe- 
«ess of various physical agents on the degree of muscle spasm in poliomyelitis Results 
u date, however, have been negative, there being no strong preference or any o 
P ysical agents commonly used, including mtiamusculai prostigmine 
''m 31 A 
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Fig 4 


Fig 4 Discharges from resting muscles during earty 
reinnervation after injury to brachial plexus 


Fig 5 Fibnllation of denervation m relaxed paralj'zed 
muscle Total length of record is 34o second, height of 
potential is 50 microvolts 



Fig 5 



Fig 6 

Co-contraction of paretic muscles with antagonistic action during voluntaiy flexion of elbow Upi^ 
record is of biceps, lower recoid of tiiceps Calibiation horizontal arrow, 1 second, vertical arrow, au 
microvolts 


It IS concluded that m poliomj’^elitis (1) electiomyogiaphy gives a lOUgh quantita 
tive measuiement of muscle spasm and stiength, (2) disoideis of noimal leciprocalm 
neivation can be detected, (3) high-voltage, spontaneous dischaiges at lest aie consisten 
vuth a favoiable piognosis foi impiovement and (4) fibnllation deneivation potenfia 
aie a pool piognostic sign 


Peripheral-Neive Injwies 

Electiomyogiaphy has been used extensivelj’’ in the study of peiipheial-nene^^^^ 
Junes dunng the past ten yeais It has been found possible by this method to detec 
signs of lemnervation befoie theie is clinical evidence of legeneiation, and to e 
the extent of nerve damage, paiticulaily in cases of compiession or jg g] n 

the presence of action potential indicates that the lesion is not complete - ^ 

useful where there is suspected hysteiia oi malmgenng, as normal ^gctro- 

dischaiged from a muscle which is apparently paralyzed The greatest va ue 
myography is probably m following the course of regeneration of penp era n 
determine the extent of lemneivation of muscles 


Ruptured Intel vertebral Discs 

In patients with pain m the upper extiemity and suspected piotiusion or 
a cervical intervertebral disc, electi omyogi ams have showm the of (f'* 

from resting muscles, presumablj'- fiom nutation of ceivical roots n ^ t' 

lesions, these discharges aie often increased vuth movements of t ® js recordf^ 

the common root supplying the muscles fiom which this abnorma Siwd ' 

the electi omyogi am has been found an aid m localization of t e esio 
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ELECTROMYOGRAMS; CERVICAL DISC 
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‘'poiit inoou*i (li«(li irps from ro'^tinn mii^-rks of pititiit with proved piotrusion of intervertebral disc 


electiomvograpliic lia( ingN cui hp obt uned liom palicnls with lumbar intei veitebial-chsc 
lesions The liacing, of coui‘-c, docs not give a spetihc diagnosis of disc leMon, but simply 
suggests iintation of one of (he lumbosacial loot'i Because of the otoilap of segmen^ 
inneivation of the muscles of (lie leg, the electiomyogiam is of less value m localizing the 
level of the lesion 

Progressive Muscle Atrophy and Amyolropinc Laleial Sclerosis 

In these piogicssnc degeneiative diseases of anteiioi hoin cells, the electiomyogiam 
shows a veiy chaiacteiislic abnoi malitj'^ (Fig 8 ) Spontaneous diMhaiges in t ese con 1 
tions produce diphasic spikes of veiy iiiegulai voltage and fieciuencv ley aie 0 en 



Fig 8 

n . nnU mdpsnread distribution of potentials in pro- 

Resting muscles Note irregular fiequency, voltage, a P 

gressive muscle atrophy 
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picked up fiom muscles fiee of visible fasciculations, so that a geneial diffuse degeneiatnc 
disease may be detected at an eaily stage, when clinical signs leveal only localized muselc 
citiophy The amount of electiical actnntj^ is also con elated to some extent i\itli the 
lapidit}’- of piogiess of the disease piocess 

Paihinson’s Disease {Paialysis Agitans) 

Electiical lecoiding of the tiemoi chaiacteiistic of Paikmson’s disease is so constant 
that the electiom 3 mgiam is of diagnostic impoitance-- Theie aie found to be alternate 



Fig 9 


Pnikinson’s disease Shoving ihj thmicallj alternating buists of action potentials 


dischaiges fiom antagonistic muscle gioups with a legulai fiequency of about si\ per 
second, the buists of electiical activit}’- having a fan I}" normal appeal ance as to frequency 
and voltage (Fig 9) As this type of tiemoi can laielj’' be lepioduced vohlntalll}^ d 
possible to differentiate such tiemoi from that of hj’-steiical origin 


Spasmodic Toiticolbs 

Patients with spasmodic torticollis show diffuse high-voltage discharges from the 
muscles imohed, as would be suspected from clinical examination The amount of elec 
tiical actiMtj" ma}’’ be used to evaluate the effectiveness of various therapeutic agent', 
such as drugs oi locallj'^ injected chemicals 


CONDITIONS IN W'HICH ELECTROMX OGRAPHX IS OF LITTLE OR NO VALUE 

Muscle Dysti ophy 

Theie is no chaiacteiistic abnoi mahtj'^ of the electiomj^ogiam in muscle dystropb^ 
No fibrillation potentials aie lecoided, theie simph'^ being a giadual deciease in the 
of voltage dischaiged during loluntaiy action The completely paralyzed musces. 
electiically silent 


Myasthenia Giavis ^ 

Although the fatigue chaiacteiistic of nijmsthenia giavis can be for 

means of electiomyogiaphy, the lecoids do not have an appeal ance wdiicli is spe 
tins disease, so that it is not an impoitaiit diagnostic tool 


Spasticity 


The hj^pei activity of the stietch leflex in patients with cerebral 
and spinal-coid disease can be demonstiated electiomj^ogiaphically bj'^ elm' 

Such electiomyogiams, howevei, simplj'- confirm a condition w'hich is o 
cal examination The degiee of spasticity pi esent can be loughly as the 

foi pill poses of evaluation of therapeutic agents, but this is not exa^qua uru-e'*^ 

electiomjmgiam simplj'- records a small sample of muscle activity, nam 
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lilmsm llu' i)io\nnit\ of tlio i('( okIimk do, (lo,!, s'^ k ^Iso impossible lo get a quantita- 
fnc pidtnc of llio sp'iMn picsonl in (lie nnisdcs siippoiting the hip joint, because of then 
(lislmco fiom tlio skin AKIimigh needles nviv be nisei tod into some of these muscles, the 
suiiiile obi lined is i \ei\ sni ill iioilion of (he 1 iigc muscle mass piesent 


111 SI Alien 

As dedionnogriiiliie equipment is expeiisnc and, until lecently, was not available 
on 1 commeieiil bisis p his been us,-,! higdv m leseaich hboiatoiies Abundant litei a- 
(uie on the subject lio\\e\ ei , Ins udimiilated, and i few examples i elated to oithopaedic 
conditions will be cited SiwlTnith, Liindenold, and laspoi have studied the behavioi of 
niotoi imitsni hedtin indpiietn niiisdes, p ii (inilaily m poliomyelitis Recoi dings made 
(hiiiiig well-, ooi (hinted m,)\emen(s m noinnl induidiials aie also of inteiest, paituu- 
kiih .iinh^es of the idion of induidinl muscles duiiiig voluntaij'' movement of the 
slioiildci uid hip - " l\liis( le a, (ivitc aftei tiansposition of the tendon in eases 

of polionnclilis h is iKo been the subject of investigation by AVeiss and Biowm Spasticity, 
rlgldIt^ and in\ oluntai \ nio\ cnients bn e bem examined extensiveljq and electiomyog- 
npln Ins been used to detcimine (he efif,'e( of vinous new diugs toi contiol of tins ab- 
1101 mil mot 01 i(ti\i(\ ' '' One of (he most lecent techniques devised foi clinical use 
IS tint lohtcd to tnnsmission of (he iiene impulse to muscle, bj" Haivej^and Masland, 
and Hodes ind his issonites 'J'his opens up a laigc nenue foi fmthei leseaich, which 
should help elucidate still unsohed pioblems ot neuiomuseiilai dysfunction 


SUMAfXRX 

1 Electlom^ogI ipliv has been found useful in studying the pattern of motoi ae- 
tl\lt^ in normal and paictic muscles, puticulaily in poliomi elitis and peiipheral-neive 
injuries 

2 Degrees of spasticity, iigidit^, and tiemoi maj’’ be measuied semi-quantitativety 
bj this method 

3 Infoimation of diagnostic impoitance is obtained fiom patients with piogiessne 
muscle atiophy, Paikinson’s disease, peiipheial-nei ve injuiies, and hysteiia 


to 
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thisfi”'' 

Dr J E Markee, Durham, North Carolina It is a privilege and pleasure to comme ^ ^ 

paper Discussers with clinical expeiience should elaborate on the usefulness of electromyog^^ Ufatkins and 
of determining whether certain muscles or portions of muscles are contracting or m spasm ^ niuscle 
other students of electromyography should be encouraged to extend the scope o e s jatere=t m 

tentials as a technique of delineating an area that is contracting Our expermen a s u coincides 
this connection only because they indicate that the area from which a muscle po en la 
the area of actual shoitemng , notentials m c\'p0'<^ 

Certain theoretical consideiations nhich have arisen in our work vu i igjjceindicatc:>**^ 

muscles of the dog may be of interest in a discussion of investigations o t is units n 

the strength of summated muscle potentials is pioportional to the num or o notcntnl, at least m 

(ontKicting The sticngth of the muscle potential is also propoitiona >e n ^ _ 
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.vponnuMls nnolv mt; im.I il( .1 tmi-. I(> UmIc lu s lu 1 1, s(ii. (i,l ,,„n,I,u of cxpobctl mUbclo hbcn, On the other 
Inud, tl>c nui-^clc iiodnlnl is no( i>i-opo,(i„niil (o (mIIili Ih. woih iiccomplishccl, or the tension that is devel- 
oped, except in mi f ir ns tlie numbi i of units is involvi d 

Il\ inessnn inent, llie nniM Ii poluntml fioin i pvi n miiniM i of eontrncting units was not increased, even 
tlioiigli the niiiounl of work u i oniplished w is ( xptnnuiitally increased tenfold Likewise, as long ’as the 
number of rniitncting units uns uiu h ingi d, tiu it was no appreciable change in the muscle potential, even 
though tlie ninount of tension dexolopid li^ tin m (ontuu ling fillers was changed tenfold or even twentyfold 
Tint IS, in our ('xperiiiK n|s, a gixi n iiuiiiIku of filx is li id ibout the same potential, fir&t, when they were 
nlrcidx short iiid could pwdiK . litth tension and, s, tond, when they were partially stretched and capable 
of producing nuich gn iti r arlix i tt nsion Our i x idi m c indieati s tli it the summated muscle potential is a 
incisure of the iiunibi r of unit s i ontr u ting 

If our experiments e in la < xli iidid iiid lonliimtd, it m ly bi necessary to conclude that the strength of 
the iiiiiselc iwtenli il is oiih i im isun of llu number of units eoiitracting On the other hand, manual or 
irgognplne testing suppln s iiifoi in ition about tin (fTaitiux of the (Ontiaction, and is not necessarily a 
mnsiirc of the nuinbcr of units eontrieting 

If the'-e Ihesm'lu il eoiisdi i ilions t in b( proxid niid extended to the human, it should be possible to 
iKluire iiion iwefiil inforin ition iboul vome p itieiils and to improvi the care of pitients wnth certain muscle 
ulmuits Tor oxiiiiple, It miglit In posMlik to npplj this iiifoimation to tin understanding and care of pa- 
tients with iHiliomxiliti'' If tin mu'-clc poltiiti il is piirdj a measuri of the number of units contracting, it 
diould follow tint i iin I'-uribh ''iimmitcd jinlenliiil from i given muscle would mcrease throughout con- 
nkiccnei oiilj is long is idditioiul iieuromuseiil ir units ue lecoieiiiig Theieafter, there should be no in- 
caase in tlie inteii'-ilx of llie suiiini itinl muscle poicnii il, excu though the stiengtliof the muscle is increasing 
is measured b\ mu'^cle ‘•trengih, m mu il l( sliiig, or eigographie testing 

If these iM-umptions are true, tin sumiuattd pot( nti d fioni a miibeli should also give a measure of the 
number of conlmclmg units in Pirkiiiboii’s diM isi and in a numbei of the othei pathological states men- 
tioned b\ Dr W itkms Obx loimlv , idequite ijip ii itus is wanting for most studies of this tvpe 

Much iddilionil information can be iinde ix iilabh in the preoperative and postoperative study of 
muscles, if further suidus confirm our exidence that the strength of the potential arising fiom a muscle is 
purclj 1 me isuri of tin iiuniber of units tli it iie acting Time limits even the listing ol the possible applica- 
tions to pilienl cin Tluse possilnlities e in be explored onlj tlirough eoopiritive investigations m the 
clinics 111(1 cxpcniiient il labor itonc s 


Dn II PexTo Sciiw Aiirr, RoniLSTi it, Nfw Youk In this as in many othei subjects, one’s interest can 
exceed undcrbtandmg Howexer, liecaiise of personal interest m the application of electromyography to the 
behaxuor of the ncuromuseul ir mecimmsm, I am grateful for the pnnlege of diseussmg Dr Watkms’ paper 
He has provided evidence w Inch reaffirms previous observations Tins is an important contribution, because 
the relationship betw ecu elcetromj ography and orthopaedic smgery is still young Many more such observa- 
tions will be needed before the resulting values become gcneralli' accepted 

Dr Watkms lias made new and interesting observations It is hoped tliat these will be confirmed by 
others who arc equally capable m tins field of investigation Some comments on the illustrations which he 
presented arc as follow s * 

Figure 2, showing a record of spontaneous motor activity in poliomyelitis, confirms previous observa- 
tions A higher degree of irregularit 3 in timing and in excursion is commonly observed in such records Also, 
the output of 50 microvolts is noted as low in the wide lange of 0 to 5,000 

Figure 1, a passive stretch record, is typical of previous observations The record appears to have been 
made with a pen motor There is good separation between the high and low peaks, but the magnitude of 
I = 50 microvolts strongly suggests that the iccording system may have been overloaded We also noted a 
senes of equally spaced deflections, w Inch w c have observed when the pen motor was not following the im- 
pulses from the muscle, but was following those frequency components close to its resonance frequency 
Therefore, the record revealed the resonance ficquency of the pen motor rather than the variable frequency of 
the muscle impulses 

Essentially the same interpretation can be made of Figure 3 The calibration of I = 100 microvtjlts 
should not have a sigmficant influence In our experience, both 100 microvolts and 50 microvolts are rather 
tow calibrations for the recording of a strong stretch reflex _ j ik mi. 

Figure 4 is the spontaneous discharge in a resting muscle m association w-ith a fractured elbow Itus 
record shows successive groups of deflections of essentially equal variation m amplitude an ornu y o 
spacmg Here we may again be observing the charactenstics of a record produced by a pen motor, w hen the 
pen responds to frequencies approaching its own resonance frequency Since time and calibration data were 
not included in the illustration, however, it is not possible to evaluate this record on that basis 


tl illustrations as published are not in 

i(- calibrations differ Figuie 4, mentioned bj 
■gure 4 m the publisheci aitiole 


all cases those 
Dr Schxxaitz, 


discussed by Dr Schwartz, although similar, 
has been omitted, Figure olcorresponds to 
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Figure 5 shows the spontaneous activity of resting muscle in association wnth a brachial-plt\us iiijun 
This record seems to be exactly as descnbed m Dr Watkins’ paper, — that is, similar to records frequontli 
obtained from restmg muscles m the acute stage of infantile paralysis 

Figure 6, of poliomyelitis, is typical of the t 3 rpe of response w'hich w e have frequently observed in record 
made on patients in the acute stage of infantile paialysis How ever, the record piesented is shghtlj confusing 
for the w ant of data The relationslup of voluntarj^ flexion and extension to the tibialis antenor and ga'tnw 
neimus was not indicated Howevei, the pnnciple is clear The voluntary contraction of the agonist «etsup 
a simultaneous counter contraction in the antagonist 

Figures 7 and 8 are electomj’^ograms of the cervical disc and of amyotrophic lateral sclerosis We hai 
not made electrom3'Ograms of patients wuth either of these diagnoses, for this reason w e have no specil 
comments regarding these lecoids 

Figure 9 The charactenstics of this recoid of Parkmson’s disease reveal a classical pattern iihiclics 
be duplicated by records taken from our owm files In many instances w e have noted that our sttp-dnw 
pattern and the flat baseline are both distorted by other impulses from the muscle, superimposed on (ho 
w hich provoke the tremor 1 hese superimposed impulses have been assoeiated with clinical evidtiiec i 
iigiditj, which IS frequently noted in this disease It is, therefore, important to differentiate behvecii 11 
simple Parkinsonian tremor and the recorded characteristic of this tremor plus rigidity This is not too di 
Gcult, because in either case the timing of the bursts associated mth the tremor remains essentially comtm 

This lack of information can be summed up in the statement that there are insufficient data to ptrni 
other laboratories to attempt to duplicate these results 

Statements are made bj’’ Di Watkins regarding the possibility of rouglil}’^ quantitating muscle strengt 
thiough the measurement of electromyograms While this statement is categoricallj' true, it must be recoj 
nized that seveial factors can create a degree of “loughness” so laige as to make any quantitative e\pressio 
useless In Figure 1, which has pieviouslj' been mentioned, the high spikes and general pattern of thedi 
flections suggest the same type of difficulty w e have expenenced w hen calibrating at 300 microvolts pc 
centimeter The high spikes shown in this record are almost certainlj' records of pen-motor oversmngan 
would, theretore, bear no relationship to the magnitude of the associated muscle impulses There is ah 
evidence of pen-motor resonance 

On the positive side, three statements can be made regarding the illustrations presented in this papoi 
These aie common to similar papeis from other sources, and aie as follows 

1 Electromj'ogiams aie capable of revealing the presence or absence of muscle activity in normal ani 
pathological conditions 

2 Discnmination can be made betw eon continuous muscle activity, voluntary or involuntary, as showi 
in Figures 3 and 9, respectively In general, it is not possible to distingmsh betw een voluntarj’’ and mvoluntar 
impulses when the}^ foim a continuous pattern, such as that shown in Figure 6 Voluntary and mvoluntar 
records aie shown on the same chart, and there is nothing to distinguish them In the case of tremors, on 
ever, such as that shown in Figure 9, it is geneialty accepted that involuntary impulses produce a uni orn 
sequence that is impossible to duplicate intentionally 

3 Under carefull 3 controlled conditions, wuth known inter electrode distances, constant electro c m 
and a calibration level sufficiently high to preclude the possibility of overloading the amplifiers, an a^ 
quencies w hich do not provoke resonance in the pen, correlation is possible betw'cen the amphtu e ^ 
electrom 3 mgiam and the strength of the muscle producing the impulse This has been found, however, 
more reliable at the low ei levels of activity It is, of course, necessar 3 ’^ to change the calibration va ue m p 


portion to the amount of effoi t exei ted 

These statements aie based upon similai limitations which we have noted m the course o ® 
efforts to correlate the charactenstics of electiomyograms wuth the clinical evidence of abnorma 
function Such efforts wall probably be continued b 3 ’’ us and by others From these combined 
come a defimtion of pnnciples as related to instrumentation, technique, and interpretation o 
grams in orthopaedic surger 3 ' For these reasons we should be grateful to Dr Watkins and s ou 
continuation of his w ork 


Dr Arthur L Watkirs (closing) I should like to thank the discussers for their en ig i^ ni^^ 
conceimng the work done on electiom 3 mgiaphy in their laboratones Dr Schwartz ha^ raise 
of overloading of the recording pen We have not been using, I believe, a pen motor ^ U^ing monopha-'’' 
has tested In any case, our recording system has been tested specifically for overloading nitl 

2-nullisecond impulses, no overswung occurred with an input overload of ten times, is ^ n 
diphasic impulses Tests were performed wuth increasing power and frequency Again no 
observed with frequencies from 50 to 150 C 3 mles per second No problem of pen resonance w 
this frequency range 
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HhMANCilOM V OF THE KNEE JOINl"^ 

in iiu\N 1 neons, m d, \m) j' ^ 71 , n i- 

j , NJ J 77 \7Iv,n hLh, M D , CUARLOTl'E, NORTH CAROLINA 

/Vow Mr nrvnrtvwut of nnhopac, he Smg.ru, Charlotte Memorial Hospital 

AllhollRl, , of ll,<. loK,. ,s ,,„o, ,l ,s ,le,o.vmg of attention by the ortho- 

IMcdic emgcoii lioiaUM. of ll„. , I, allonge cl,(Ie,e„t,al diagnosis 

A| I oMmaloh imit ,iill„.„|,o ,ascs of tins oiilily have been lepoited m the literature, 
of this mm he, , loss , hi„i (i, ,, „ oie di.ignosod , on o, Hr pi loi to artln otomy 77 hth a betted 
iindcrslnmingof the ilmitil pioliiio is , el,, led lo Ihe iindeilyiiig pathological condition, 
IP pmpjit.iRo of (onoci di-iRnosis bpfoio snigon (.m piobably be mcieased gieatly 
i ns pippi pipt-onts (\\n (.ncs of (.ivoinou'- hcnRangioma of the knee joint 


A '' mlmitted lo Ihe Hospital on January 22, 1944 

nrcimusK i uTti? 7"'.'"''^ '* the right knee, eight yeais 

pc u In hul tic s\ inplonis h ul Milisidcd sioni nicouslj in a feu dajs and joint function was completely 

^lored During the inKrxcnmg leirs, Mniilar cpitodis had otcuned, mth oi iMthout minor injury there 
■ad never been cMdenec of innaniniator\ iinoh.meni I he knte had been tieated In his local doctors and 
P\ spocnhslsin a large t astern citj Hoc lUst of Ihe icc uncut naturr of the disease and the increasing sev eritj 
of the attacks, hosint ihralion had been advised 


At the time of examination, the right knee joint was distended bv a moderate amount of fluid The 
muscle atrop n at the thigh was inminml, and the joint could be cained through a iioimal range of motion 
eveept tint the cMremes of flexion and t xteinion caused some discomfoi t The skin ov e Hang the joint was 
entire^ normal, nnd the inguinal ghiuls wort free of involvenn iif 

Roentgenograms rove ilcd a small, ill-elifincd area of increased densitv within the anterioi compaitment 
c joint 1 his was seen best in the lateral v icvv , with the knee flexed about 10 degrees bey end aright angle 
ccausi of the involvi nicnt of a single joint, the chionicity' of the process, and the progressive nature 
10 disc use, an arthrotonij was performed After the tapsult had been entered tluough a medial para- 
pate ar incision, it was noted that the synovni membrane had been invaded and distended by a bluish 
0 u ated mass, which was attaclicd to tlic membime at the postero-intcrior m ugin of thi patella This tissue 
Was extirpated wath little difficulty, hemorilingc not presenting a probkm to ihe opeiatoi The pathologist 
Peported a cavernous Iiemangioma of the knee joint 

The patient’s extremity was immobilized in plaster foi two weeks after operation and, aside from a 
® ig t amount of clTusioii, the Knee recovered without incident After a poiiod of active physical therapy^, 
joint function was completely restored 

Six weeks following discharge from the Hospital, the patient returned foi a series of deep loentgen 
reatments, he received a total of 1,200 r through two portals More than four years have elapsed since the 
operation, and this patient is entirely free of symptoms He is vciy active in athletics and describes the knee 
S'! normal 


Casf 2 M P , a white woman, aged thirty-five, was admitted to Charlotte Memorial Hospital on 
ecember 31, 1945 She had injured her left knee twenty years previously, while skating Attacks of pain 
■m swelling had recurred intermittently since the injury, and had been most frequent during the six to 
®‘g t months preceding admission 

Examination showed that the sw'elling was more prominent m the medial compartment of the knee, 
2 small granular mass could be palpated in this area, overlying the medial femoral condyle Slight tenderness 
Was present, the inguinal glands w'ere not affected Measurement of the thigh failed to reveal atrophy', and 
e overlying skin was normal Roentgenograms of the knee were essentially normal 

fter three months of conservative therapyq an arthrotomy was performed through a lateral paia- 
Patellar incision A blue cystlike mass was encountered in the capsule, this was dissected free and excised 
>1 too The pathologist’s report was “Benign hemangioma of knee joint, partially telangiectatic and par- 
y cavernous in type ” The articular structuies were not disturbed by the process The patient had a 
*wooth postoperative course and was discharged from the Hospital one week after the arthrotomy She 
®ceived intensive physical therapy for approximately tw'o vv'eeks, and was discharged with almost complete 
■■ratoration of knee motion Two and one-half years after operation the patient reported normal function 
O' the knee 

* Eellow of the National Foundation for Infantile Paralysis, Duke Hospital, Durham, North Carolina 
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DISCUSSION 

Articular hemangiomata ma}'- be eithei juxta-articulai oi intia-aiticulai An inter 
mediary type, which invoh'^es both the inteiaiticular and periarticular stiuctuies, mai bp 
added to the classification In the juxta-aiticulai type the pi ocess involves the periarticular 
structures, particularly the quadriceps muscle, and the tumor is ahvays palpable Tlih 
type IS characterized by the absence of involvement of the capsule and synoAual membrane 
and, therefore, presents a clinical picture quite different from the intra-aiticular vaiieti 
The intra-articulai type is demonstiated by the tivo cases presented The pioco^' 
may occupy any part of the S 3 movial caiuty, and the anterior fat pad may be complefeh 
replaced The tumor is capable of causing destruction by pressure atiophy, and one case 
has been reported in AA^hich deep eiosions in the cartilage and undeilying bone weieen 
countered This presents a difficult problem m treatment 

Histologicalljq the articular hemangiomata have been classified as cavernous, capil 
lary, and telangiectatic ExcessiAm fat tissue oi small zones of chionic mflammaton 
reaction may be seen These lesions ai e pi obably not ti ue tumor s, but rather hemai tomata 
They are congenital malformations of ciicumsciibed vasculai tissue, and, as such, show 
no capillary budding (Figs 1-A and 1-B) The sections show a system of sinusoids in 
AA'hich the spaces aie lined by endothelial cells The remaining wall is made up of col 
laginous connectnm tissue Theie is no eindence of thi ombosis, this feature is of impoitancc 
m consideiing diagnostic chaiacteiistics 

As mentioned previously, aiticular hemangiomata aie usually not suspected before 
operation The impressions most commonly mentioned aie lesions of the menisci, loose 
bodies, 01 articular tumois, Avithout specification of the type In the first case piesented, 
the initial impression Aims that of inteinal deiangement, a second impression of synovitis 
being mentioned In the second case the diagnosis n^as tumoi, type undetermined 



Fig 1-A juroen 

(S-40-46) Low-power magnification show'ing telangiectatic endothelial ccll= 

filled nath blood, the walls, extremely thin, aie composed of a single b 
id a very delicate, thin layer of connective tissue 
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Ill M\Afitf)M\ ()l I in K\M lOlN'j' 

ChnuMlh, (lu> fnsl sMni)(om ,n I1 h«s,> ,.,sos ,s p.i.n, often appoanng aftei tiauma 
The truima appaienth (luises luMnoiilvigo fiom llic liemangioma, eithei by diiect con- 
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Fig 1-B 

Ca\ernous portion of licmnngionn witli tliick-walled sinusoids, most of them filled iMth blood 



Fig 1-C 

Shows poitions of both cavernous and lolangiectaf ic capillary heniangiom i 
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tibioii 01 pun liiiif!; lu'l w ('(’II I lio ill ( i( 111 11 siiificc's Roious oi sciosangunicous effubions 
neficquontl\ cm ounloiod in liic coiiisc of Ihcsc lesions such a phenomenon beingieadily 
Pxphmed In tlic fi'igdil\ of the ^ isinl ii w ills whidi mike up the stiuctuie Both pain 
md swclhii}; m n ipiic ii il long ndci \ ds u < ,„np mu d by pai tial loss of joint motion 
Blocking uid bmkling, cithei done oi in (ombm ilion, have not been ob&eived Atiophy 
01 Iniioloni 1 of the mnsdes of the thigh m n be seen ]i'iom these signs and symptoms it 
would olnioiish be dillieiilt to nine it i diagnosis of hemangioma If hemaithiosis 
dnclops, two moie jiossibilit les ue nninediitely suggested,— namel}^ hemophilia and 
licmoiilngu nthiitis 

AMien (lit nieons nigiom i (oexists, ntuidii involvement is stiongly suggested 
1 liC'C 111 is'-es of tissue do not show pulsation oi ihythmu exiiansion, it this is obseived, 
a diagnosis of ( II sold mein \ sm should be m ide 'Phesc aieasol tissue are veiy sensitive to 
Iiicssiiie ind e\en to mild iialp ition thus n c oiinting loi the diagnosis ot an inflammatoiy 
lesion 111 main ( nes 

The olnioiis defoi niil\ whidi u ( omp.iiiies most oi the e\tia-aiticulai hemangiomata 
is casih ie(ogni 7 ed JfoweM'i, (he iiiti i-ntuukn vaiietv mav develop wathm the joint 
cnitA , li n e suflii leiit sp u e in w liu h to e\]) nul, md thus be ovei looked on meie inspec- 
tion 3 he \ ohiiiie ( h uiges w hu h u ( oiiip ni\ ( h mg( s m post me aie of the utmost impoi- 
taiice and, is one ( in ipiiieii ite fioiii the hisiologii d putiiu theie is ample space foi 
distention nid (oll ipse of these multiple simisoids 

The ditTeienti d di ignosis fiom hem ntlnosis ol hemophilia is established by the sex 
of the patient the jiieseiue of im le ised Miigiil ition time, and the clinical chaiacteiistics 
of liemophilu ntlnopitln, whidi leuls (o dnonu aithiitis with lestrution of function 
and findh to nik\losis m flexion I he one condition in which ^ diffeiential diagnosis 
nla^ be Mitiidh impossible is hemoiihigie aithiilis The hislologual appeaiance of 
diffuse hcmoiih igu s\ no\ itis will «ei\e to diffeientnte these two, "(et the clinical appeai- 
ance ma^ be indistinguish.ible 

Loose bodies within the joint m iv also piesent a pioblem in diffeiential diagnosis, 
foi in eithei c ise the signs md symptoms aie compatible with aiticulai derangement 

The roentgenogi iphie examination is i uelj helplnl in diagnosis but, as the fiist case 
demonstrates, it maj’^ be of slight benefit It is jiossible to cisuali/e aiticulai angiomata 
h} the use of an opaque mateiial, injected intiavenously It is lelatneh eas}^ to see the 
area infiltrated w itli such i contiast medium, but the shadow' wull often disappeai m about 
fifteen minutes due to the lapid dilution of the substance in the blood cuiient of the angioma 

Hemangiomata may disappeai spoilt aneouslj' as a lesiilt of thiombosis and sub- 
sequent seal ling, but this cannot be lelied upon, paiticiilaily about the Icnee, wdieie le- 
peated tiaumata aie common Idie only logical tieatment of these lesions is that wdiich is 
designed to eiadieate the mass Although theie aie man}' pioponents of tieatment with 
roentgen laj's and laclium, it seems moie leasonable to assume that suigical extnpation is 
die tieatment of choice Suigei^' is often necessaiy to veiifj' the diagnosis 

SUMMAUV 

Aiticulai hemangiomata can be diagnosed piioi to suigeiy m piactically all case'i, 
provided the con elation between the clinical pictuie and the pathological piocess is fully 
appreciated These signs aie significant ( 1 ) the piesence of a ciicumsciibed mass, whic i 
’s covered by noimal skin and which inci eases in size w'hen the extiemit}' is in the de- 
pendent position, ( 2 ) the presence of blood aftei punctuie of the mass, and ( 3 ) the is 
appeaiance of the contiast substance loentgenogiaphically after injection into the 
'asculai aiea Suigical excision offeis excellent end lesnlts 
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OSTEOSYNTHESIS OF THE NECK OF THE FEMUR 

BY JOHS SPOTOPT, M D , KALENDBORG, DENMARK 

So fdi, no compiehensive lepoit has been made of the final lesults of e\tid-ai titular 
osteosynthesis, which was intioduced with the Smith-Peteisen nail AVe consider an 
obseivation peiiod of thiee to foui j'^eais as essential in oidei to get reliable impiessions 
about the final results 

The puipose of this Moik has been to elucidate the value of e\tia-aiticulai osteo 
sjTithesis, the judgment being based upon an anal 3 ’’sis of the case histones of a considerable 
number of patients, and con elation of these findings with a late examination of thesur- 
vivois The patients weie operated upon in twelve gieat Danish surgical clinics, prior to 
1939 After an observation period of at least thiee and one-half years, all the survivors— 
a total of 183 — have been le-examined chnicallj'^ and, except in three cases, roentgenograms 
in tv 0 planes have been taken 

CLASSIFICATION OF THE FRACTURE 

Foi several reasons it is difficult to compare the vaiious statistics concerning fracture 
of the femoral neck, not least because of the confusion prevailing as to the classification 
of the fiactuie As neither the anatomical classification, Bohlei’s classification (as \agu- 
fiactuie and vaius fracture), oi Pauwels’ classification (into thiee degrees, accor 
the angle betveen the fiactuie plane and the axis of the femur) gives a 
impression of a fiactuie of the neck, the author has found it piactical to combine t le i 
classifications This affords at once an anatomical, pathological, therapeutic, an P 
nostic impiession 

This combined classification is exceedingly simple, namely 

1 Tiue fractuie of the femoial neck 

A Valgus fiactuie pla"'’ 

B A^aius fracture, vith consideration of the angle betveen tie 
and the axis of the femui 

2 Peitiochantenc fiactuie 

* Abstract of monograph vritten by author in 1944 (see refeience) Preaented witlij 
Munksgaard, Copenhagen schoe?' 
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Hist mitto ION oi I'it\f"ittui h 


1 1 l( (UK 

No 

Pti cent 

'lull frirliin of tlic ft'inoi il in ok 

320 

01 

\ ilpi'' friiluio 31 (13 3%) 

\ ini', fr ii lure ‘27S (81 3%) 



I’l rlroolmiti 111 friiliiri 

183 

30 

'1 111 il 

512 

100 


In c il( III i<iiiti ]’ niwels’ iiif^lc if is fnacln il (o use locnigciiogiams taken duimg the 
opoi.Uion wlieie llio fonun is i iiilo is in slighi inwaul lolation, as the angle m question 
isicil onI\ in tills position It ('iiiiiot lie e i!( iilatcd, foi instantc, on i oentgenograms of 
recent iiniediioccl \ iiiis fru tines 

From ]')31 until FHS i tot il of 012 pitients with fiactuie of the neck of the 
femur were •idmitted to foiii sm^K j] depiilments in Copenhagen An analysis of all 
the loentgeiiogr nils of these pitients ucoiding to the tlassihcalion set foith, gave the 
(lis(rihiition shown in 1 ihle I I'iieiefoie, it is safe to sav that, of all the fiactuies in this 
region, two-thuds iie fi u tines of the nei k itself (about one-si\th of these aie valgus 
frutiiics, while ihout fi\e-si\(hs ne \ iitis fiactuies) iiul onc-thiid aie peitiochantenc 
fractal es 


III iMNo OI iiaciiKi oi nil riMomnMXK 

Todai it isthegenei il \ lew tliit e\ei\ fi utuieof thofemoial neck which is i educed 
icleall} and ict ‘lined in this position foi .i sufficient length of time will heal by osseous union 
In explanation of the pooi he ding i ap uitc of the ne( k of the femui, the follow'ing causes 
liaic been mentioned 

Poor Miitntwn of the Ihod and VrcA 

The blood supph of the head uid neck is sub|cct to wide vaiiation, and undoubtedly 
die appaienlly capncious .ippoii nice of capital ncciosis and dela3’^ed healing is in pait 
due to this The s\mo\ lal i essels aic iiaiilc to damage because of the injui3'’ to the capsule, 
and of couise this risk incicascs with the dislocation Ownng to the outwaid lotation, 
the vessels of the postciioi asjicct of the neck have a bettei chance of lemaining unbroken 
E^en though the vessels aic not luptuied b3’- the dislocation, how^evei, they may be 
‘>tietched, twisted, oi compiesscd so that the blood flow becomes compiomised 

It is leasonable to assume, then, that a piehmmaiy i eduction of the fiactme, as 
soon aftei the accident as possible, is essential in oidei to piotect these vessels from 
fuithei injury Consequentl3'’, the usual confinement of the patient to bed for several 
da3‘s befoie i eduction is inexpedient 


TABLE 11 


ItlLATIOiN m TWLI iN Dl GUI L 01 DiSI OCATION, HlALING, AND NECROSIS OP THE HeAD 



ISo of 

Healing 

Capital Necrosis 

PniTidij Dislocation 

Patients 

{No ) {Pei cent ) 

{No) 

{Per cent ) 

^larked 

78 

54 69 2 

52 

66 7 

^ight 

100 

80 86 0 

33 

33 3 
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TABLE III 

Relation betw een Necrosis of the Head and Healing in 180 Patients 


Degree of Neciosis 

No of 
Patients 

Healing 

{No ) {Per cent ) 

Pseudaithrosis 
{No) {Per cent ) 

Total 

59 

41 

69 5 

18 

30 5 

Partial 

26 

23 

88 5 

3 

11 5 

None 

95 

84 

88 4 

11 

11 6 


TABLE IV 

Relation between Age oi the Patient and Healing oi the Fracture 



No of 


Healing 

Age of Patients Re-e\amuied 

Patients 

{No) 

{Per uni ) 

Under 60 3 ears 

77 

61 

79 2 

60 3 ears and ovei 

103 

80 

77 7 


That the dislocation and the lesulting deciease in nutation of the head play a cor 
sideiable lole in this lespect is evident fiom the findings in Table II, in which the patieni 
aie classified accoiding to the degiee of primaiy dislocation It wiU be noticed that tli 
gieatei the piimaiy dislocation, the greatei is the piobabihty of capital necrosis 

Neaosts of the Head 

The 1 elation of this phenomenon to the piocess of healing will be discussed late 
Neciosis forms no absolute obstacle to healing, meiely delay Table III illustrates tli 
relation between capital necrosis and healing in 180 patients w^ho weie re-examined 

Age of the Patient 

Pieviously, clinicians believed that the age of the patient played an important rol 
in healing This is not indicated by the piesent study (Table IV) Age in itself should nc 
be looked upon as a contia-indication for opeiative tieatment 

Of those facto? s unde? our contiol which 'promote healing of the f? actu? e, only thefolloivii 
aie impoitant quick and gentle reduction in oidei to avoid additional vascula? injuries, 
above all, an ideal reduction and a sufficiently long immobilization 

Pauwels’ Theoiies 

Fuchsig analj'^zed foity-one fiactuies tieated b}^ the Whitman method, and his fiw 
mgs coincide wuth Pauwels’ theoiies Thus he concluded that eleven of fifteen pseu 
throses belonged to fiactuies in Painvels’ thiid-degiee class Opinions differ as 
patients submitted to osteosjmthesis Most investigatois, how^evei, find no concor 
betw^een the angle of the fiactuie and osseous healing 


TABLE V 


Healing of the Fracture in Relation to Pauwels’ Classification 


Paiiw els’ Classification 
of Fiactuies 


Fust degiee 
Second degiee 
Thud degiee 


No of 
Patients 


Healing 

{No ) 


22 

110 

46 


IS 

So 

37 


81 S 
77 3 
SO 4 


irnal of bone and joint sukcW 
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'llio im'scnl nniciiiil liiis hccn miilv/cd widi n new lo Piuiwcls’ (Iicoiios The lola- 
tiou between P'luwels’ thieo pioups iind (lu* o^-seoiis boding in 178 patients is piesented 
in Tible V The boding poiooiitago i^ -dmnt (lio sumo fm ill Ibico gioups 

Witb •! spoon! ipp'ii 'll ns holotignig I o I bo Daiiisb S( at o Tost mg Laboi atoiy, tbe autboi 
Instiled to soo wbotiioi P.niwois' Ibooiios migbt Iio oonfnmod o\poi imentallj'^ In speci- 
mens olitiiniod fioni postnioiloni ni.itnrd, riutinos of tbo fust and tbnd degiee weie 
piodiiccd, lospoitnoh on tbo iigbl 'uid loft sidos of Ibo neck of tbo femni, aftei wbicb 
(he fi letuio fi igmoiits woio n iilod In Ibo app iiatiis a weight of 250 kilogiams was put 
on the bold, dioiininig wilb toniploto “niiio'idnig” (tbnty times pei minute), coi- 
rcsponding to a slow gait ?» rtio In ill (as(>s (bi* losulls weio (onsistent, sbowang that in 
both forms tbo fi Ktiiio silo was iblo lo wtibsiand .1 I(),(K)()-icj)e(ition periodic toleianro 
lest wilb !i lo 1(1 of 250 kilogiams \\ ilb in .idditioiial lo id, tbo I bn d-dcgicc fiat tuics bi okc 
downeirboi tbiii tbo bist-dogioo fi h linos, — h 13() and l<)() kilogiams, lespectively 
This ilbisli ill's ibo oiioi moils fixation iiowoi of tbo nail, ovon iindoi mechanically 
poor coiidit ions 'j'lio onhomo of llio oxpoiimonfs lends suppo/l lo Paniiols’ Dieoiics 


Duratiov of the Ucahnq 

The poiiod loqunod foi boding b is boon osiim ited difleiently by vaiious authois — 
from two or tbioo monlbs lo two 01 tbioo xoais — md tlioio can baidly be any doubt that 
it lb subject (0 wide \ iiiition ruitboimoio, tbo estimate is based upon loentgenogiaphic 
endeiicc winob is \oi\ diflnult lo judge in (Ins fiaduio because tbe penosteal callus is 
lacking 

A, critical re\iow of tbo roenlgoiiogi mis pioseiited 111 laiious books and papeis as 
demonstrating o«^oous boaling roiods that in many cases Ibis healing is questionable 
Man\ surgeons b i\o snfToiod disappointment wlien, tiusting tbe loentgenogiaphic diag- 
nosis of os«eou« bo ding. Ibex ba\ 0 oxliac led the nail and then obtained a fresh dislocation 
of the fracture 

It isadMsible, tbeicfoio, to follow the c iilei ion gnen by Felsenieicb Osseous healing 
IS reliable only when the loeiitgenogiam cleaily shows osseous trajectoiies crossing the 
fracture gap eyer^ where and filling it complcteh' 


l>L\riXG or THU X ML 


In deciding w liei e 1 o place t be nail in the nec k and bead of the femui , tw o factors should 
betaken into consideialion (1) the optimum biological conditions foi healing and (2) the 
mechanical aspects of the fiactuic The nail has to be placed wheie it will best meet the 
requiiements of both factois 

From a biological point of \icw, the question is how to induce the best healing 

conditions possible Accoidmg to Pauwels, these aie obtained by elimination of dislocating 

forces and by the production of functional piessuie at the site of the fiactuie 

From a mechanical point of view , attention must be paid to the following three points 

1 Firmness of the Ceivtcal and Capital Spongiosa in Vaiious Sections Nystrom found 

0 firmness of the ceiyical spongiosa to be gieatest posteio-inferiorly, w'hile m the head 

F "as greatest in the centei The tiochanteiic coitex is also stiongest posteiiorly, w^heie 

' 'sreinfoiced by the osseous tiabeculae fiom the lessei tiochantei It wall, theiefore, seem 

®ost propel to place the nail steeply, a little poster loily m the neck, and centrally m the 
head 


b'P joint 


2 Dislocating Powci of the Muscles It is well knowm that the outwaid lotatois of the 


aie veiy poweiful Subsequently it wall be desciibed how^ this force contiibutes to 


»/ I" 

j ®‘ocation undei lotatoiy cutting by the nail in the head The moie the nail is placed 
^jove and anteiioily 111 the head, the moie leadily will tins complication appear Theie- 
•c, if legaid IS to be paid to tins displacing influence of the muscles, the nail ought to be 
a little infeiioily and posteiioily in the head 
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Fig 1 

A comparisoa of the distribution of forces on the fracture 
and the nail ^\hen the placement of the nail is steep and 
11 hen it IS more horizontal 


3 Dislocating Forces Arising Jram 
the Weight of the Body during irall 
ing The forces produced b}' the 
weight of the body in iialking are 
stiongei than is gen ei ally imagined 
Fiom the fundamental work on tlit 
gait of man, reported by Fisclier in 
1899, it IS evident that, every time 
the foot IS put to the gi ound durmji 
ordinal y walking, the head of the 
femur has to cany a load about fom 
or five times the weight of the bodi 
Knowledge of the enoimous forte- 
acting on the head of the fennii 
dui ing walking tends a prion to make 
one hesitate in allowing a patient tc 
bear weight on a limb soon after 
osteosym thesis has been peifoimed 
Figuie 1 illustiates the mutual 
lelations of the foices mtli a steep 


placement of the nail and vith the pi evading, moie hoiizontal placement Thefoice, 
that acts on the head of the femui may be divided into P, which is paiallel with the nail 


and has an impacting effect on the fiactuie, giving a functional piessuie at the fracture 
site, and K, uhich acts veiticallj’’ on the nail It mil be noticed thatK=T sine a Thr 
means that the steepei the position of the nail, the moie functional will be the piessuic 
on the fiactuie site, and the less the bending foice acting upon the nail With the two 
angles of the nail demonstiated (Fig 1) — namely, 140 degiees and 115 degrees wtli tiie 
longitudinal axis of the femui — the diffeience is so gieat that the nail placed steeplj is 
able to cany neaily tmee as gieat a weight as is the nail in a more horizontal position 
In addition, owing to faction, the steeply placed nail offers gi eater lesistance to t ic 
displacing foices acting on the site of the fiactuie Finally, ivhen the nail is placed steep ' 
and the bending foice on it thus is i educed, the iisk of the nail cutting into the hear h 


loveied 


Thus the steeply placed nail offeis the follomng advantages 

1 The displacing foices at the site of the fracture aie dinmushed 

2 The nail is exposed to less stiain as a lesult of movement and walking, and icn 

does not bend oi hieak so leadily t adnre 

3 Spontaneous impaction is pi omoted, — pi imanly by diastasis at the site of icji 

secondaiily by absoiption of the neck , 

4 The functional (callus-inducing) piessuic on the fiactuie surface is incicase 

6 The iisk of the nail cutting into the head is i educed difficult 

In contiast to these advantages, only one objection can be made It is moie^^^^^ 
to drive the nail veitically^ than honzon tally This, however, is meiely a 
technique 'With pieliminaiyr dulling befoie the intioduction of the mie, as ve ^ 
the drmng in of the nail, theie is no difficulty'- m placing the wiie an nai 
position 


Expenments on the Significance of Placement of the N^ail numb'’'’ 

In the State Testing Laboiatoiy at Copenhagen, the authoi has aiitoP'' 

of expenments on femoia mth lecent oi old fiactiues of the necv, lem answC 

and on femoia of patients vho died fiom othei causes Attempts veie 
two questions , „r,rr) 


TUh JouIl^AL or boxt; 



OM I <)S^ N I III ‘^I'^ ()I nil M(lvOI nil l.'IAiait 


SJl 


T\HI,I, VI 

I III urn N( A ()I \l ( llO'-Is oi IIM III \I) 


i 

1 

No of 1 

I'ol ll \t( lOMIS of Ifc 1(1 

Paitial Ncciosis of Head 

I’ltunI'' Hf'i \ uiiiiK il 

P i(i( nt*' 1 

i 

(No) (P,,,nil) 

(No) 

(Per cent ) 

Tolil nnnilicr 

ISO 

Vt i2 S 

20 

14 4 

l\ llll 0‘^'-('OUS lu llllll. 

I II 

«. 2") 

22 

1 

15 G 


'I \MM \ II 

111 I M ION 111 1 W I I N I’ltIM \UA I)l*'HI( MION \M> \ I ( Uosis OI IIII III AI) 




\o of 

Nt( 

losis of He id 

I’riiii ir\ lli'"lo( ilioii 


1* iIk mH 

(No ) 

(Per u III ) 

'light 


100 

33 

33 3 

Marked 


7S 

32 

GO 7 


] Vre milcd fnoinrps ‘■nil ililo foi ciiIa A\ciglil-l)tMiing'’ In particulai, does the 
isserled difTercnte in (he Aveiglil-Iie ii ing ( ipicilA in Paiiwels’ tlnce gioups hold true'’ 
2 AMncli pi iceincnl of (he n.iil i‘' ideil fioni an eninel}" mechanical point of view^ 
The outcome of (he hr'-t ‘-cues of e\peiinien(s has been noted, and the expeiimental 
lechniqiic has been mentioned hiielK l\Ios( of the c\peiimen(s weic earned out as 
'ollows First, weight was applied to the bone diieitly with increases ot 20 kilogiams, 
up to 240 kilograms, then the e\peiinient w is (ontimied with a weight of 250 kilogiams, 
tliiilj times a minute If (he bone did not gi\ e w ia , this w ( ight was continued foi a total 
uf 50,000 repetitions, coricsjiondnig to i w.dk of about ten miles Aftei this, the addition 
of weights was continued with incic.ising piessine until the bone bioke down, at the site 
of the fracture or el«cwheic Vll cxpeiiments wcic earned out in duplicate, and both 
femora were removed in c\ci y inst nice so th it one acted as contiol 

The question as to whethei the site of an ostcos}^ thesis is suitable foi eaily w^eight- 
bearing is very difficult to settle Numeious clinical expeiiences have shown plainly that 
early weight-bearing maj gi\c excellent lesults wath osseous healing Man}'’ of the experi- 
Ments showed also that the “nailed” bones weie able to withstand piotiacted peiiodic 
weights of 250 kilograms without any shifting at the site of the fiactuie The outcome of 
these experiments, how evei , w as lai gely dependent upon the quality of the osteosynthesis 
The difference between the fiist and the thnd-degiee fiactuies mentioned by Pauw'els 
was confirmed by these expeiiments Depending upon the stiength of the bone, the bieak- 
down appeared when weights of 100 to 450 kilogiams wmie added In all the expeiiments, 
however, the first-degiee fractures did not break dowm until the w^eight w'as about one and 
one-half times that under which the thiid-degiee fiactuies bioke dowm 

Of greater interest aie the expeiiments w'lth Pauwmls’ thnd-degiee fractuies, wffien the 
wail IS first placed almost hoiizontally and then moie steeply In eighteen duplicate experi- 
ments, the results weie all in favoi of the steep placement of the nail A typical example 
ef such an experiment is given 

Both bones w'ere able to withstand 50,000 applications of 250 kilogiams of w'eigit 
Without any change m form, but wnth an impaction which in both cases amounted to 3 5 
millimeters Undei subsequent weight additions with inci easing pressuie, the bone in 
"hich the nail had been placed steeply broke dow n at a piessuie of 730 kilogiams, wheieas 
"ith the more hoiizontal placement of the nail, the bone bioke dowm at 340 kilogiams 
In lecapitulatmg the evidence provided by theoietical consideiations, clinical expeii- 
®J|ces, and practical experiments in piopei placement of the nail, the followung points 
® wuld be emphasized 
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TABLE VIII 

Relation between Necrosis of the Head and Age of the Patient 



Under 

50 Yeais 

51-60 Yeais 

61-70 Yeare 

Over 

70 Years 

Number of patients 

Necrosis of head 

28 

12 (42 9%) 

33 

13 (39 4%) 

53 

24 (45 3%) 

27 

9 (33 3%) 

TABLE IX 

Roentgen oGRArHic Re-examination or 180 Paiients 

Gioup 



No of 
Patients 

Pci cent 

Healing of the fracture 
Pseudarthrosis 



148 

32 

82 2 

17 8 


1 Suhcapiial and ti anscei vical fiactures slioxdd he analyzed accoiding to Pamods' 
'pnnci'ples of classification 

2 In fiist and second-degree fiactures, cential placement of the nail in the neck and the 
head is excellent, even though placing of the nail moie steeply is bettei mechanically 

S In third-degi ee fiactwes, the nad ought to be placed steeply, piefeiably at an angle 
with the femoial axis of at least 160 degiees 

4 In the hoi izontal plane the nail should be placed centi ally oi a little posteriorly m the 
neck, if the leposition peimits One has to avoid having the nail enter the anterior upper 
quadrant of the head, because this placement disposes to i edisloeation though cutting by the 
nail dining lotation 


CAPITAL NECROSIS 

In the fiactuies in the piesent study — all tieated b}" osteosj’^nthesis — the most fre 
quent late complication has been neci osis of the head of the femur followed by arthrosis, 
and this is the commonest cause of peimanent disablement In the hteiatuie, capital 
necrosis is not fully dealt w ith, simplj'^ because of its late clinical manifestation, so that 
the re-examinations lepoited imply too shoit a peiiod of obseivation 

The piesent mateiial, with an obseivation peiiod of at least thiee and one-half ATai», 
shows the surprising fact that, among 180 patients who weie ie-e\amined loentgeno 
graphically, total necrosis of the head was found m about one-thnd and partial necrosij 
m nearlj'' one-sixth Thus the outcome w as complicated b}'^ capital necrosis in nearly la 
of the patients (Table VI) 


Etiology 

Most authois agree that necrosis of the head of the femur belongs to the laige gi^oup 
of cases of aseptic bone necrosis of vasculai nature In geneial, we may expect the e\ e 
of capital neci osis to be par allel w ith the injui v to the capsule (Table VII) Among 
with little 01 no piimaiy dislocation, capital necrosis was found in about one 
whereas m those with marked piimai3'^ dislocation, it was found in about two-t ir s 


Site and Foim of the Fiactiae 

In contrast to what has been asserted bj'- manj^ authois, the site of the 
a minoi lole m the development of capital neci osis Among the healed su 
tiansceivical fractures m the piesent stud3'-, capital necrosis has been c 

iespectivel3’-, in 42 6 pei cent (tw ent3^-thiee of 6^3^0111) and in 40 2 per cen 
of eight3'’-seven) 

bone and joint senofn 
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No of 



(iioilp 

Patients 

Pei cent 


I Idl ll 

iO 

27 3 


11 (lOiid 

12 

23 0 


111 1 iir 

'52 

28 4 


1\ Poor 

39 

21 3 



Ncitlioi (io(>s llio foim of IIk' fi uluio ippi'ii 1o i)lay lole m this connection 
Liiiong the ho lied fi i(tuio‘'of I’mwi'K fust uid mm oiul dogiccs (taken as one gioup) and 
ho«o of thud dogio(‘, ( apil d noi i o''!'- Ii'id «lo\ olojiod, i ospec ti \ oly, in 41 i pei cent (forty- 
hioe of 103) ind in 10 3 pot (ont ((iftiMMi of ihii I y-soyon) Tlieiefoic, ye may haidly 
\pocl in\ lolilion hotwiM'ii (ho foiin ind •'ilo of llio fi.uluio and rapital neciosis 

\qr of the Patient 

\ anoiis nuthoi s flunk tliif ( ipit d nouo^'isis pai fn nlail}" fioquent m young pei sons, 
irohahh lioc ui‘-e fho ooinpln ifion gi\os inoio conspuiious sjmptoms m youth That its 
^equenc^ probaI)I\ does nol nioioi‘-o wilh nniea'^ing age is eyident fiom Table YIII, in 
iihicli onh healed fiactuios no loporfod 

\'algus Partition of the IPad 

There is no found ilion foi (ho lieliof, o\piessod by Pauwels, that the yalgus position 
IS nearh ah\ns as‘.oci itod with (apif.d ncdosis, owing to the lesulting change in the 
load placed on (lie head Vniong (ho ho.dod fiaifuics in this study in w'hich the head w^as 
in marked \ dgus position ind (hose in wliuh (lie head was in neaily noimal position, 
capital necrosis h id de\ eloped iospo((i\oh, in 38 5 pei cent (fifteen of thnty-nme) and 
in 40 per cent (sixteen of foit\) It is the moic foitunate as, to obtain good statics, the 
'algus position ought to lie umed at cluiing the opeiation 

Poor Reposition 

Felsenieich and Moiuhct Inno emphasized that pooi leposition disposes to capital 
neciosis In the piesent study, the figuics to this effect aie too small to convey any idea 
about the question No doubt the fiactuies associated with maiked dislocation are 
generall}' accompanied by an extensive toai of (ho capsule, and foi this leason alone they 
predispose to capital neciosis 

The Ra-il as a Fnieiejn Body 

Befoie osteosynthesis was adopted, capital neciosis wms by no means an unknowm 
phenomenon oi paiticulaily laie Indeed, most authois think that capital neciosis is not 
'^ne to the piesence of the nail as a foieign body, although several believe that t e nai , 
"ith its bioad flanges, tends to compiomise the niitiition of the head 

Nystrom called attention to the iisk involved w'hen the tip of the nail is placed eithei 
‘00 neai the fovea capitis oi m it In oidei to get an idea of the iisk- involved by such 
focing of the nail, the mateiial has been analyzed wuth this point in view Among the 
‘ractures in w'hich the tip of the nail wms in oi neai the fovea capitis and those in which the 
‘*P ''as at least 0 5 centimetei fiom it, capital neciosis appealed, lespectiyely, m 5b 
percent (tw'enty-two of thirty-nme) and in 35 3 per cent (thiity-six of 102) Even though 
‘‘'e figures fuinish no conclusive pi oof, they indicate that the vicinity of the fovea'^hould 
'e avoided during operation 
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The Melal 

Seveial authois hold that the metal plaj'^s an impoitant pait m the appearance of 
capital neciosis I think it depends largely upon the character of the steel, but in this studi 
capital neci osis is nearly three times more fiequent in cases wuth roentgenographic endence 
of nail osteitis as in cases -mthout nail osteitis (respectivelj'-, thirty-five of seventj-ninc 
and SIX of thiit 3 ’--si\) Theiefoie, the ph 5 ’^sician must be veij’- caieful m his choice of nnil 
mateiial To be on the safe side, he should use V2A steel oi Vitalhum 

Fiom the deliberations conceimng the etiology of capital necrosis, the conclusion muit k 
diaion that avasculanty of the head is the most important factoi Theie aie probably onhjtm 
othei cont) ibutoj y factoi s, — pooi nail mateiial and pooi placement of the nail 

Diagnosis 

Once the subjective sj’^mptoms of pain, limp, and limitation of motion have appeared, 
it IS easj’^ to make the diagnosis Roentgenogiams shov spotted configuration in the head 
and, often at this stage, infiaction and possiblj’’ beginning aithiosis 

Ti eatment 

Since capital neciosis begins vith softening of the head fiom about the fifth month 
to the commencement of the third j^eai , the onlj’^ i ational ti eatment is to fiee the e\tremit\ 
fiom too much stiain until the head again has become film In 1930, Phemister showed 
that infiaction maj'^ be avoided bj’’ elimination of weight-beaiing foi a sufiicient length of 
time 

In deteimimng the thoioughness of this sparing of the hip, it is reasonable to take 
into account the age of the patient, his v eight, mental habitus, and social status In most 
cases it vnU be sufficient to emplo}’’ meielj’’ one cane, if it is used effectivelj’’, to spare the 
hip a gi eat deal of sti am Complete elimination of v eight-bearing is a sevei e trial, mentalb 
as veil as phj’-sicallj’-, in old and feeble persons, in dealing vuth j^oungei peisons, it is onli 
1 ational to make the demand more categorical, considering that such a “quaiantine 
for a 3 ear and a half piobabb'’ Mill save them from permanent disablement 

In the present stud3’’ it has been found that, in capital necrosis vathout avoidance o 
V eight-bearing, the chance of infiaction is 75 per cent If infraction has taken place, > 
prospect of a satisfactoi 3 ’’ result is onl 3 ’' 15 per cent , m capital neciosis without infraction 
the percentage is about 70 


RESULTS 

Roentgenogi aphic Residts 

It IS difficult to judge healing fiom a loentgenogiam, and the siiigeon has to 
ciitical to avoid erroneous conclusions that ma 3 '’ have disastrous consequences In 
designate the condition as unquestionable osseous healing, the entire fiactuie 
be Glossed b3’’ tiajectoiies fiom the neck into the head, without any zone of con ensa 


TABLE XI 

Estimation of Functional Results in Relation to Healing and Necrosis of the 


Group 

No of 
Patients 

Healing 

(No ) (Per cent) 

Necrosis of Head 
(No) (Percent) 

I 

50 

50 

100 

0 

0 

II 

41 

40 

97 6 

17 

41 5 

III 

51 

36 

70 6 

37 

72 5 

IV 

38 

22 

57 9 

31 

81 6 


Arthrosis 
(No ) (Per cent ) 


3 

21 

39 

29 


6 

51 2 
70 5 
76 3 


Necrosis of Head 
plus Infraction 
(No) 


0 

0 

30 

25 


0 

U 6 
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8^15 

111 'I'llilo 1\ is I(>( ()I(I('(I (lie Oiiliomc of (iic io(Mi({r('ti()p;Mijliic ic-o\.iinin,Uion of 180 
piUciitb Ho'ilinp: w IS oht'iiiu'd in om'i SO |K'1 kmiI , wliuli may be considcied a faiily 
good iCbiilt Howexci with nieie'isuig; cxpeiieme in (lie iicifoimance of these opeiations, 
nioic fioqiienf posloiipi line (oiiliol e\ainina(ioiis, and inoie loopeiations, it should be 
pi irlK'ible to olit iin i peKeiilMpe of lieilin;; of neiilv 100 


Fiinrltoiial 


The fiiiu (ion d lesnKs ni n be tin ided nOofoiii g:ionps CJ'iblcX) 

Gioup I Ideal Uc\aU'~ I he ji i(ien( h is no (oinj)! iin(, iiui the fiiiiclion of the hip is 
is good IS befoie (he .ittideiP 

Gioitp II Good /ft M/Z/s 'I lie pi(ien( li.is onl\ sbgid mt onvenicnce, — at the most, 
some “ilipiim dism " oi i ipidi(\ of f digiie when i lie n ^ weigh! is put on the hip The 
wilking e 1]) u i(x is ibou( (lie s\m<‘ is piioi (o (he .ittuleid d'he phj'^sical examination 
max icxeil i iedu((ion in molnidx of less (h.in 10 degiees in each direction 

Group HI Fair Rr-^uUs ’I he ji i(ien( t omjil iins of i educed mobility m the hip and a 
lowered xxoiking t ip it i(x P.iin is fiet|uen( , tliessmg is tlinTieult The physical examination 
shows some slioilening ami 1 1 oiisnleiable ieilu((ion in mobilPy In some cases a moderate 
tnntne(uie m IX be isfei(iinetl 

Group IV Pool Rrsidl<^ The w dking t ipui(\ is gie.illxmmpaiied oi completelj’’ abol- 
ished The palieni s woiKiiig t ip'it ilx is ippioxima(elx /eio Intense pain is pi esent m 
(he lap The phxsit d exaniin dioii shows maiked ietliii(ion in mobility, and at times 
pronounced conli itluic oi exeii ankxlosis 

Oioups I and II toiicsjiontl (o wlial iie designa(ed in most othei statistical studies 
as “good resuKs” 

One nun wondei (li i( (heiesul(s iienol bet(ci (ban as piesented heie Ifthepiimaiy 
rasiihs had been es(ini iled intl let tiitletl, no doub( the}’’ would hax^e been fai better, but it 
IX (he la(e thnit d svmi)(onis in t ises xxidi capital neciosis (hat put then stamp on the 
laaterial \s piexiouslx nienlioned, (liese 1 i(e sx'mplonis do not manifest themselves until 
ahoii( a xeai and a li df iftei (ho attitleid 


In Gioup I (Table XI) all (he fiatdiies liaxc healed and theie is no capital neciosis, 
hut three patients show loeidgenogiaphically a slight aithiosis that gives no symptoms 
h IS also exudent (hat pseud iithiosis and capital neciosis xxitli mfiaction and aithiosis 
sre the cause of (he pooi functional lesulls 

It would be inteiesting to compaie (he lesults of tlie Whitman tieatment and osteo- 
synthesis, but i( IS impiacticablc (o obtain any ichable basis foi such a compaiison, because 
no fairly large study of Wlii(nian-(ieated patients has been leported with a sufficiently 
ong peiiod of obseixalion 


Fiiitheimoie, i( must be emphasi 7 ed that the mateiial piesented in this xx^oik comes 
nom twelve diffeienl suigical depaitments and lepiesents the fiist expeiiments xxuth an 
opeiatix^e method, xxdiich is xx’cll ehaiaeleiized by Mouchet in the folloxving xvords Enfait, 
^ a pa'i de pioredc <ample 


POSTSCRIPT 

"Ihe author has been able to pi esent a gioup of patients tieated accoidmg to the 
pfuiciples desciibed heiem (Most of the patients xveie opeiated upon, and the aftei- 
featment xvas given by the author ) This leport coveis all the patients xxffio, during the 
period from 1941 to 1943, xvere given opeiative treatment foi fracture of the neck of the 
^ntiur m the Odense County Hospital,— a total of sixty-eight Of this total, six died in the 
^^ospital aftei the operation, and tw'^elve died after dischaige from the Hospital The 
^ Gaining fifty patients have all been le-exammed clinically and roentgenographically 
an observation period of at least three and one-half years, just as was done m the 

A No 4 OCTOBER 1949 



846 


JOHS SPOTOFT' 


TABLE XII 


RoENTGENOGRA.PHld AKD FtTNCTIONAL ReSUL'TS IN THE T\I O GrOUTs 


Results 

Old Material 
(180 Patients) 

(No ) (Per cent ) 

New Material 
(50 Patients) 
i^o) (Per cent ) 

Healing 

148 

82 2 

47 

91 

Pseudarthrosis 

32 

17 8 

3 

0 

Necrosis of the head 

85 

47 2 

8 

IG 

Ideal 

50 

27 7 

39 

78 

Good 

42 

23 3 

2 

4 

Fair 

52 

28 8 

4 

8 

Bad 

39 

21 7 

5 

10 


pieceding study Thus, the two groups of patients aie similar and have been treati 
exactly alike, so that they are comparable in eveiy lespect 

The loentgenographic and functional lesults in the tiio gioups are lecoicled i 
Table XII Aftei treatment of the patients according to the principles mentioned, tl 
percentage of healing increased from 82 td''94, while the frequencj’' of capital necros 
decreased from 47 per cent to 16 pei cent , — that is, to one-thiid of the former fiequenc 
This IS 1 eflected in the functional i esults, as in the second gi oup 82 pei cent of the patien 
are found in the good class (Gioups I and II) as contiasted vith 50 pei cent of those) 
the pieMous studj'- 

With oui piesent knowledge conceining fiacture of the neck of the femui and necros 
of the head, ve may hardly expect to obtain bettei theiapeutic i esults Capital necro" 
with subsequent aithiosis still thieatens the late functional results m one of everv si 
patients 
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THl': USK OF inio Tl-XHNIQIIK OF PROGllFSSIVE-RESISTANCE 
1-:\1-:1U'IS10 IN AOOl.ESC’l'^NCE 


in 1 I10S\\ I I I (,AI I \(.lll H, M I) , ANDOVI K, AND 
THOMAS I Dl I OHMl Ml) DOS I ON, MASSAI HUST TTS 


1 Tom Ihr Driiiirtmrtil of Ilrnlth, I'liillips [taddiii/, Awlnvn, M (is',achuscUs 

In adolnsroiK (', sndi disoidiMs as inodinnK d dt'i inKcmcnl of the knee joint, low- 
hack dr nn, ind insufTn’ienl d('\ elopmeni of flic aims, sliouldeis, and diest frequently 
occui, and su}qr(,v,( jl,o „f d,,,, (>\(M(isc Hcienllv a tedinique ha& been le- 

portcd = foi the do\eloi)nien( of imisde iiowei, wlinh Kives piomise of being of con- 
Mdcrablc Talue 'I ho liisn inmiiplo of this lodinKpie, piogressive-iesistance exeicise, is 
that miicdo powei isboltoi do\olopod b\ exoKismga miisdc .1 few times at its maximum 
cipTCitT tli in b\ li'i\ mg tlio miisi le lopo it .in oxeicisc m.iii) times against less lesistance 
Special equipment ind methods h i\e lieen de\ eloped to peimit the piopei application of 
tins principle 

The tediiiKHie of j)iogie'-^i\e-i(‘si''( iiue exeiiisc h.is impoitant implications beyond 
tlicstiicth eliiiK il held foi tlio'-e who deil with idolcscents It lelates to that philosophy 
iiliicli in leccnt aeiis his emphasircd the ihiise of icst and the need toi the de- 
Telopnient of fitness i ithei thin the 'noid.iiKo of sti iin and fatigue”, and takes issue 
intli tho«c plnsieal cdueatois wlio emphasii'c the soi lal-psychological objectives of ath- 
letics and neglect the deiclopment of adequate muscle powei and endurance” It is 
obvious to mod of us who deal with adolescents tint stiength needs to be developed as 
Mell as endurance, cooidination, fieMlnlita . and skill, and that, if injuiies aie to be aaoided, 
some games” demand considci ible stiength about the joints In addition, it is undoubt- 
edlj true that most ictnities will be pcrfoimed moie successfully and with less fatigue 
iihen greater stiength and endurince aie piesent, the individual will paj'^ less physiologi- 
oall}', and therefoie become Ic«s fatigued, when he is able to leact well below his maximum 
limit 

This clinical repoit discusses the use of the technique of progiessive-iesistance exei- 
cise in the after-care of knee injuiics and low-back stiains and m the muscle develop- 
ment of the arms, shoulder giidle, and chest in adolescents None of these will be dis- 
cussed in detail here, it is the puijjose of this leport only to indicate the apparent useful- 
ness of this technique in the caic of these common conditions, and to suggest its value as 
nn addition to other types of physical theiap}’’ 


KNEE INJURIES 

The tendenc}’' of knee injuiies to lecur is w'ell known, and the need foi combating 
the atiophy and lij’^potonia of the extensoi muscles of the thigh which accompany these 
mjuries is all-impoitant Whethei 01 not the ligaments are torn, w^hether the cai ti- 
nge IS damaged 01 lemoved, the most impoitant pait of the aftei-caie of knee injuries is 
I e development of stiength m the quadiiceps, fiequently too much attention is paid to 
c lesion in the joint and too little to the subsequent development of powder m the sup- 
Poiting muscles Such exeicises as quadi iceps-setting, straight-leg laising, and walking 
nre \aluable m the eaily aftei-caie of knee injuiies and wall gradually improve the pow^er 
the quadriceps, howevei, to pi event a lecuiience of injury, it seems logical to us to 
ciiefoi moie than a letuin to foimei stiength Progressive-resistance exercises can le- 
uie the powei lost, and can pioduce a much gieatei stiength in the suppoiting muscles 
‘""i they possessed pi 101 to the initial injuiy How^evei, w^e do not feel that a knee joint 

This stuclj was aided by i grant from The Giant Foundation, Inc 
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■which lb fiee fiom fluid, has a noimal lange of motion, shows no atiopliy of the thigli 
muscles, and can be vigoiously extended against the examiner’s resisting hand is nece. 
sariljr leady foi skiing, football, or other stienuous activities These activities can, and 
do, put sudden and seveie stiain on the supporting muscles, fai beyond the limits ini 
posed at an examination A knee joint is not ready for such stresses until it has extraordi 
nary stiength, absence of pathological signs is not enough 

Table I piesents data concerning adole&cents who weie given progiessive-iesistantc 
exeicises foi knee injuiies Twenty-five boys, ranging in age from thirteen to nineteen 
yeais, veie tieated Two of them had previously had opeiations for the lemoval of .1 
meniscus, one had considerable atiophy of the quadriceps following a dislocation of the 
patella, and the otheis had pieviously had tears of the collateral ligaments of varying 
seventy Careful clinical examinations weie made and loentgenogiams weie taken before 
this type of physical theiapy was begun Those whose injuiy had been relatively lecent 
weie given a conventional course of heat and massage, patella-setting, and straight-leg 
raising exeicises befoie piogiessive-iesistance exercises weie started In several cases, 
thigh-circumfeience measurements iveie made, and in every case quantitative estimatci 
of the quadriceps strength were obtained by determining the maximum weight vhicli 
the quadriceps had the power to raise to the horizontal (full extension) 

At the first exercise period the maximum numbei of pounds which could be raised 
to the horizontal (Figs 1-A and 1-B) was determined, as was also the maximum amount 
vhich could be extended bj'’ the patient when seated m the hip-knee extension exerciser 
(Figs 2-A and 2-B) One is rarely able to obtain accurate maximum values at the fir-t 
testing period Much more valid data can be obtained at the begmmng of the second 
V eek, and foi that reason v e have used data obtained at this second testing period as 
representing the patient’s maximum power at the beginning of the therapeutic period 
Each in dixu dual’s prescription was determined on the basis qi the maximum load he had 
the power to raise, 01 extend, ten times If he xvas capable of raising no moie than tventj 
pounds attached to the boot, he xvould be asked to raise ten pounds ten times, fifteen 
pounds ten times, and txventy pounds ten times on each day, four days a xveek At the 
beginning of each subsequent xveek the patient’s maximum poxvei xvas again deteiminci 




Fig 1 -A 


Fig 1 -B 
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TABLE II 

Weekli Prescriptions in Case H A 


Week 

Pounds of Resistance in 
Load-Resisting Knee- 
Extension Exercise 
(10 Repetitions Each) 

Pounds of Resistance E 
Hip and Ifnee Exteir 
Flexion Exerew 
(10 Repetitions Eadl 

First 

15 

20 

25 

35 

40 t. 

Second 

22H 

25 

27H 

40 

4o i’ 

Third 

25 

30 

35 

45 

50 J 

Fourth 

30 

35 

40 

55 

60 f- 

Fifth 

40 

45 

50 

65 

70 

Sixth 

45 

50 

55 

70 

75 ^ 

Seventh 

50 

55 

57)^ 

75 

80 

Eighth 

50 

55 

60 

80 

85 '' 


and his piesciiption was pioperly inci eased (Table II) The exercises were continiitl 
until the strength reached was gieatei than that of the contralateral limb, and be)oiil 
i\hich we judged little progiess could be made within a reasonable time 

It IS deal from Table I that each of these boys became able to handle greath it 
Cl eased amounts of weight within a lelatively short period In seventeen cases iie hi' f 
had an oppoitunity to determine whethei the ability to handle this much weight ivou'l 
giadually be lost aftei the treatment stopped The check-up intervals vaned from tivoto 
tw eh e months In no instance was there any indication that the gains made in the Ihcr 
peutic-exei cise period had been lost, although none of these boys had done any exercK 
of this natuie duiing those inteivals Their retention of the gams made seems 
"•ui prising because of the lelatively high levels they had achieved 

Brief comments about a few of these cases may claiify the type of condition 
appal ently benefited by this method, and illustrate a few points which have occurreii 
us 111 The couise of this woik 


H t , aged thirteen, had injured his left knee in a fall from a horse, ti\o years previous to oure.'s®'^ 
tion H< wasinbcdfoi si\ eeks and as told that he had injured his knee cartilage He v.asnotgi'f“^ 
tjpe of plijsical theiapj^ oi special exercise in the convalescent period His knee continued to bo ff 
“on and off whenever I do much” He was a sturdy young boy, weighing 120 pounds, who want ^ 
football The examination of the knee was negative, and there was no evidence of quadriceps 
was told, however, that his muscle strength (he could raise twenty-five pounds on the boot an 
forty-five pounds on the hip-knee extension exerciser) was not good enough for the stress 
could offer, six-man football (a less hazardous game and an exercise program were suggested ^ 
w eeks of this exei cise program he w'as raising sixty pounds and extending nmety pounds, during 
months there were no sj’^mptoms refeiable to the knee, despite strenuous participation in athletics 
SIX months after he had discontinued therapeutic exercise, showed no loss in ability to extend t 
The details of his weekly prescriptions (Table II) illustrate the “progressive” pnncipleoft is 
Periodic increase in the maximum load is an essential part of this method 

I C badlj twisted his right knee wdiile skiing on February 23, 1947 He was *°ij^^o(ion- 

where, on February 24, he w'as found to have considerable fluid m the knee joint, pain with 
the joint, and exquisite tenderness over the medial condyle He had been treated with an ice 
then wnth a tight compression bandage After a few days of bed rest, the fluid disappeared He wa^^ 
from the hospital on hlarch 3, without crutches, but with a supporting felt bandage 
riceps-settmg and straight-leg-raismg exercises follow^ed On April 5, 1947, a series of 
ments showed atrophy of the right quadriceps of from one-half to one inch at vanous points 
sprmg scale he could extend his right leg against forty pounds, his left leg agamst sixty-nve 


opixug Otjaix- Xlglll, leg against lOitJ puui-luo, C*£,CV***-- — - , 

extension exerciser he extended twenty-five pounds with his right leg and thirty-five poun 


he could raise only ten pounds on the boot with his nght leg After seven weeks of ^ still a')'" 


ab' 




IfUtJ uuut AVltU lllo iiguu fiP iTflS ‘ 

raise fortj^-five pounds on the boot and to extend eighty pounds Twelve months later 
raise fifty pounds on the boot 
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riiOC.lfl ‘'“'IV I -111 M''! S\< I IMIUIM IN ADOM M I NM ' 

I 1 \\ IS optiil* il I'l’"" I'"”. ""I I ni|'liii"l iiH'lml nil III ( iis UM" n iiKur '1 II( ud*! pni II ii(» 

oslopcnti\0(\cr(i‘-i‘iiiiil I*- "I" I" i m fill foi « f' " ni'Hilli''' H* i oiisiill* d ti- m Oi loin r Mil" Hi« 

nee secmwl to l)P 111 (iiK' *^'1 i>» alrophi nf tin tliuli Iml In ( onld nnsi no inon tlimi 

fteen pomKl< iMtli 111= riplil lip(tliirl\ livi willi hi*< left) nml mild i \l( mi mih lifli lunitids (tiplitj |Kitinds 
ithln=left) Till' liiidiiip of slrmrlh dilTi ri nri s will'll till Imd' (in Imp , in tin’ pre run of an nlliprwi'i 
ipitiic cliniral pMiiiina'ioii =< i-nis to im to In iiiniortant I in joint mol 1011 = an < iti'faplori , tin ri 1 = no 
uid the kiuH' = 1 ( 111 '' 'Iroim win n tin li i istii'-'dai Hint tin 1 \ itnini rV liand, lull linn iinlaliK 'i< iK- 
ps Vflcr'^iv "((ksof In linn 111 II w i*- ddi lorm-i 7'i pound" 'iiid to 1 \l< ml 1(K) pound'- Six nninlli" 
iler he repnrii'd ill il In li id li id no Irmilih with lim 1 in < in I In iiiNrial, 1 I' =1 •-liowr d llial In li id In'-! 
cn hull, if am, of In'- <|U nit in p' powi 1 

I 1 Iwislod Ins riplil hm ( wliiln wir slliim in liiin MMii il did mil "n in loin a '■1 m r< injiirv , and no 
•calniciil in'- pi'< 11 olln r 111 in tin ippln ilmn of an 1 1 1'-ln lumlaii In pl< min r MMli, tin '■urn hiin 
iicnt out” il '•oeri r, iinl In n fr inn'll fioin iilih tn = for ii\o wn 1 ," In I)i (■> niln r In Iwi'-U d In'! 1 mi and 
11 111 the =ho\\( r li illi niirinp lln following •■print and *-111111111 r tin him Inilln n d liini lint In 1 ( pi on 
nng MTioii'' letnitiis InSijitimlnr UMTlii'-him ‘ mhU out ip mi it '•m 1 1 r md lomphuK dniour- 
zod, he ileriilpd lo pi\ ( up'illihins \\ In a <<nli\om of in- on ‘=1 jil* mln r Jn MII 7 lln Imi '•('imdnor- 
nl, then 11 1"! no ( \ nil 111 ( of iii''! ilnlili , no lluid, no « n pilii" or p on ii iili molioii no ilroplii of lln lliitrli 
id apparent li pood slriiiplli Tin riplit 1 < p lioiniir w is dih to lift onli lliirli pounds, iiliih lln h fl 
11=0(1 fori 1 \fl(r 1 s( \( n Ilia k propi im of pioj^ii =111 ris|stim< i V( r* i*' = lln riplil hp liamlh d =1 k nli 
ouiids on the liool iin! iiieri a'l d its iliiliii lo 1 nI< ml from '>T lo I(l') pounds Durmp a l<si, fin nionllis 
ter, he lias "till alih to 11 imlh llnsi iniounis iml li nl li nl no s\ nijilonis di sjiii< m nlin illih Im ( ir(( r 
unng the iniitcr md spriiip of MMN 


\ G firstli id troulile iiilli liis h fi km t in 0 ( loin r I‘i|(i ii ih u tmn lln ri 11 1= 1 \ nh nth a 1 onsid( r ilih 
fusion in the joint iml In 11 is told tint In Iml 1 ‘loo-i ( iriilipi ’ \ jd is|i r 1 1=1 w is aiijilnd for thru 
ceks, then di itliprnn tn ilim nls lu r< piKiitiiin 1 wi i k for =1% wi ( ks, topi tin r iiilli =01111 (|U idrn ( jis- 
etting e\erci=p= In Dppi niln r 1110 In plai i d li is) < ili ill and injiinal lim kin 1 ipiin,=om( fluid di \ ( lojn d, 
ut bo tned skniiR lat( r 111 It iiint< r IIi p] m d li i=< l> ill and ti 11111= m tin =pnnp iiitlioiil ddln ull\ In‘'(p- 
'mber 1917 he slijiped on ilioilduk iinl wn iiplnal liis km ( lliiid di \ 1 lop( d \\ lien fir=l ('\ mum d li\ u= 
'cptember 1917 ) there 11 is 1 mii ill imouiil of fluid in tin h fl km i jniiil, lull no l< mb rnp'== to pn ==ur( or 


am on motion, ntropliv of tin ipt idmi ))= wa= m irk( d 1 In b ft h p t oitld r ii=( no mori tli in fivp-i iplitlis of 
pound on the boot, iml tli it 11 us n comp inn d ti\ ijipn In 11=1011 md difin ult\ \wiaklil(r,wlitnIus(on- 
dence had been pnnied, hr rii=(dfi\f poiunN, nlmli 1= iindoubu dl\ ibill(>rim i=ur( of bis initi il slrpiiplb 
t the same time lie lifted IbirU pounds and e\l<nd(d n\U-(i\( iioiinds willioiil difliriilte with bis riplil 
■g, "hereas he could ixtdid no more tbiin tbirtN-fiM pounds witb bi= left \fl(r ti'ii wiaks of iNini'p, bi 
iisedse\ent\ pounds on the bool and (pUmbd mmle iiouiids wiili bis h ft hf; \ test mne months litir 
lotted no loss of powi r, and he bad bad no s\ injitoms diiiiiip lln s(> inontbs 


•S^ disloeatcd Ins right knee (jiildla) ulnb diMiip on lulj 2 ~>, 1117 , a pi isler east w is ti'^id until 
ugust 15 Fluid was jira'cnt when the p ist wits re'nioeed, md diatliprnn and i wlnrliiool bith three turns 
were ordered until SpjiUmber 12 Winn =p(ii on Si plpinber 15 , lip was still usinp (riilelus, and 
t\ion and extension at the knee were ( on=i(lerablj liiniti d 1 here was no e\ nb nee of fluid, but there w is 
leht 1 •'‘ttlit Ibipb, — from om -half to one and one-b ilf ini la s in =( rial im isurcments His 

'e Q ® =e\entepn and one-lialf pounds on the boot, bis left rii=(d fortj , tlip ripbt eNtcndcd tlnrte- 
oun s, the loft fiixtj-five After mne weeks of iiroprcssix c-resisl im e t xen is( s be r used G 5 pounds md 
«d 105 pounds w ith bis right leg 


line "^b t-ises 10I only has the aliophy 01 weakness of the tliigli muscles been o\oi- 
r^e, ut the indivnduars abihtj'' to oveicome weight lesistanco has been gieitly in- 
'ith^^ t'hat w'e can presume w'as his abihtj'' pi 101 to injuiy This was accomplished 
ion ^ small e\pendituio of time, ten minutes a day is adequate Patient coopei i- 
n obtain, these boys eageily wmtehed then ehaits and the giadual mciease 

“ulty"^^ "vi show'ed The exeicises, because thej’’ continually mciease m diffi- 

t'e'ight They do not seem to be the same day aftei day, because the amount 

Man wifc ^^®^®^sing and the numerical values act as an incentive and fuimsh the plij’^si- 
an objective measuie of progress 

I'apid loss of caidiovasculai-pulmonaiy endurance aftei cessation of 
'^'’t'louslv^ P^’ogram is Avell known “ The persistence of the weigh t-iesistmg ability is 
muc greatei , there has been no significant loss rn any of these cases Exactly 
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what these exeicises accomplish is not cleai, the inciease in w^eight which can be h.vullcd 
(m A G fiom five to seventj’- pounds and in J F fioin thnty to seven tj’- pounds) cannot 
be thought of as lepiesenting a paiallel inciease m muscle mass oi even in muscle stienglli 
Leaining factois at the ceiebial leveF® undoubtedlj^ pla}" a pait Whatevei the mecha- 
nism, atiophj" has been oveicome, and ability to laise oi extend w^eight has been i astli 
increased After the exeicise piogram, each patient has felt much moie confident of In'; 
knee’s ability to withstand strain, and in none have any significant knee mjuiies devel 
oped subsequently ObMousl}'- many moie cases must be studied and a much longer period 
of observation must elapse before one can properly be optimistic These prehminar}' ob- 
servations, however, at least suggest the justification of further clinical tests of these 
methods 


LOW-BACK STRAINS 

S3’'mptoms of low-back strain are common in adolescence During this period of 
rapid growth and strenuous, but poorly coordinated, exeition, there is frequently insuffi- 
cient strength of the low -back muscles to pi event excessive strain being put on the lum- 
bar and sacro-ihac ligaments More uncommon disorders than postural oi ligamentous 
strain, such as spondjdolisthesis and epiphj'^sitis, need to be kept in mind, and careful 
clinical and loentgenogiaphic examinations of even the most tiansitoij’’ low'-back sjmip 
toms are essential 

Experience to date indicates that piogiessive-iesistance exercises in spondylolis- 
thesis are tolerated w^ell, often wuth relief of subjective s^’^mptoms How^ever, back symp 
toms maj occasionally develop in patients wuth juvenile epiphysitis, probably due to ex- 
cessive tension on the immlved areas Theiefore, lesistance exercises m these parts arc 
advised with greater caution 

During the acute phase of low^-back strain, bed lest, strapping, heat, and codeine 
and aspirin maj’’ be necessaij’- Later the patient should avoid lifting, a slumped position 
while sitting, and standing wuth the xveight on one foot Sleeping on a bed board, the 
dailv perfoimance of flexion and extension, and pelvis-tilting exercises are properly given 
How ex ei, to piexmnt the recurrence of these symptoms, it wmuld seem xxuse to attempt to 
increase the strength of the sacrospinahs^ This procedure may also be of value in the 
after-care of those wdio have piexuouslj'’ had braces oi casts applied Data concerning nine 


TABLE III 

Trunk-Hiperextension Exercise in Nine Boys 


Patient Age Height Weight Diagnosis 

ifnche<i) {i^oiuids) 


No of 
E\ercise 
Periods 


Initial Final Mawnium 

Maximum Mawnum Poixcra 

Poxxer Poxxer Re-ttet 

{Pounds) {Pounds) (PonnH 


GM 

17 

74 

181 

Spondylolisthesis 

10 

20* 

10 

25 

JB 

17 

74 

178 

Low -back strain 

18 

45 

RC 

16 

70 

150 

Low -back strain 

16 

35 

NK 

17 

69 

173 

Low -back strain 

24 

20 

ML 

16 

69 

138 

Low -back strain 

21 

20 

RS 

15 

69 

133 

Lox\ -back strain 

36 

20 

JW 

18 

69 

155 

Low -back strain 

48 

30 

HM 

16 

72 

165 

Epiphj’^sitis, spine 

24 

20 

GT 

18 

69 

128 

Low -back strain 

24 

20 


25 

70* 

65 

70 

80 

50 

65 

125 

50 


75 (fi)*’ 
75 (9)" 


55 (12)*’ 
75 (12)*’ 


60 


* Second series, nine months latei 
** Interval in months between exercise and re-test 
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iio i-\ I'K 3-n 

I/) xl-n sisl iii>; (.\( rriM for hj jx rtvltii'-ion of ! ruiik 

of thcbc oa^-cs arc j^ncn in 1 ihlc III The cxcki^c method is illiislialcd in Figuics 3-A 
and 3-B 

R G firfat luirt his link wliili luUini;, iii Vinil !9t7 In the eirK fall of that jtir his back was 

bothersome, and he decided (o stop jilijinp foothill On Oitolxr 0, 1047, roentgenogr inis were negative, 
there was slight limit ition of forw ird bending, but no p iin Sini c tliero w ere no icute sj m))toms, progressive- 
resistance e\erci«as were liegiin T lie lo id-rcstsling trunk-lnpercxtension c\crcise (Rigs 3- V ind 3-B), with 
weight placed between the shoulders just below the neck ind with knees supported and feet firmly held, was 
done thirtj times a <hn During the first week twenlj-fi\c pounds was riiscd ten times, thirtj pounds ten 
times, and tliirtj-fi\e iiounds ten times on each d i% During the fourth week seventi pounds could be raised 
No further sjmptoins dc\ eloped, despite a resumption of iiole-vaulting during the wintei and spring Five 
months later SL\t} pounds was r used without diflieulli 

N* K , a sturd\ and \er\ ilhletie 1 id, first injured his back it football (tackling) m 1943, he was taped 
and was allowed to eonfinue jdaMiig In 1945 his back igain bothered him In the spiing of 1947 he injured 
it at pole-vaulting ind had to give up that sport All through the football season of 1947 it bothered him, 
but he continued to pi ii , it would feel tired and “sore” at night At the stait of carlj -season basketball, 
bis back hurt whenever he jumijcd At examination on November 13, 1947, when he finally reported his 
sjanptom to one of us (he hid thought nothing could be donel), his roentgenograms were negative and so 
was his clinical examination, except for less flcxibihtj in forward bending than one would expect in an ath- 
lete Despite his excellent development and athletic skill, he could raise no more than twenty pounds wrhen 
doing the back-extension exercise During a three-month pciiod of treatment (interrupted bj the Christmas 
holidays) there were twenty -four exercise days, in this time he became able to raise eighty pounds After 
the first w eek in January he had no further sy^mptoms of back strain, and play ed basketball vigorously and 
without any^ discomfoit 


R S fiist hurt his back m March 1947, while playang basketball out-of-doois, he was unable to sleep 
that night Roentgenogi ams wcic taken, aspirin was ordered, and he was told to “take it easy” He recov- 
ered gradually and had no fuither trouble until spring, when he started to play lacrosse, his back was taped 
and he was told to rest for one month At the end of May he played lacrosse again, but almost immediately 
|ns back started to hurt, so he stopped In August, while swimming, it bothered and an osteopath made his 
bones “click” In the fall he tiied football, but stated that his back hurt every day Without much hope of 
obtaining relief, he consulted one of us on November 9, 1947 The roentgenograms were negative, and no 
abnormality was noted except discomfort durmg extreme forward bending Progressive-resistance exercises, 
ogmning with twenty pounds, were continued for two months (interrupted by the Chiistmas holidays) 
iter thirty^-six exercise periods, he could raise sixty-five pounds At the end of four weeks (sixteen visits) 

0 Was able to hyperextend his trunk and fifty-five pounds, and later reported that during the Christmas 
olidays he shoveled heavy snow for three hours without discomfort He wrestled durmg the winter and^ 
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plaj ed lacrosse during the spring without discomfort Tu elve months later he reported that he had had no 
SI mptoms of back stram smce stopping his therapeutic exercise, and he was able to raise seventi -fi\ e poun(l> 

G T , a ph 3 'sician’s son, wrenched his back u hen he tripped gomg upstairs on Februar 3 27, 1947, n 
was a er 3 pamful for him to straighten up, to walk, or to turn m bed He was seen the next daa , onh slight 
forward bendmg was possible, and the lumbar muscles were m spasm He was put to bed and given medici 
tion and heat He graduall 3 improved, so that one week later he could walk with comfort Roentgenogram^ 
vere negative Because of the sea'erit 3 of that acute attack (there had been two similar attacks prenoudt), 
progressive-resistance exercises were not started until April 7 At that tune he was able to raise twenty pound-, 
SIX weeks later he was raismg SLxt 3 '’ pounds Eighteen months later he reported that he had no further lurk 
pain 


H M had lov-back discomfort in August 1945, and roentgenograms shoved definite epiph} sitis of the 
spme A brace v as v om untd IMarch 1947 With the consent of his specialist, progressive-resistance e\cr 
cises were begun m Aprd 1947, the back-extension exercise started with twent 3 r pounds and increased to 
fift 3 pounds m six weeks The patient subsequentl 3 ’^ engaged in a strenuous athletic program vithout difli 
culH 

J W fractured his cocc 3 ’x m 1943 In December 1947, he returned to his ph 3 'Sician for an annual clieck 
up He was told that he probabl 3 would have trouble with his back at the age of fort 3 q and vas urged, as he 
had been durmg the prenous four 3 ears, to continue to take it eas 3 ’- at athletics After his return to school 
he came m requestmg a bed board, because his back ached sometimes Roentgenograms and clinical e\ami 
nation of his back were negative, his abdomen was proimnent, and the muscles m general v ere rather flabln 
Despite his lack of mterest m exercise and athletics, he said he wanted to get rid of his promment abdomen 
and wouldn’t nund seemg if he could prevent his backache and avoid the trouble promised for the age of 
fort 3 With some skepticism and a little indifference, he began back-extension exercises on Januar}' 26 mth 
twent 3 -two and one-half pounds, and continued until jMa 3 14, when he v as able to raise 125 pounds Con 
current^ he did “sit-ups”, first against onl 3 his ovm v eight, and finall 3 ' domg thirt 3 a da 3 ' with twenti 
pounds held b 3 his hands behind his neck He had no S 3 'mptoms of back strain after March 1 and slept with 
out an 3 discomfort In Ma 3 his muscles v ere firm, his attitude and spirits had improved, and his abdomen 
was no longer pro min ent 

Theie has been an oppoi tunitj'’ to test foui of the nine boys at inteivals of from sl\ 
to tvehe months aftei the special exeicise had been discontinued In no case t\as there 
1 In--- 111 ability to laise the amount of tt eight which had been then pievious maximum 
(Tal)k III) 


CHEST AND ARM DEt'^ELOPMENT 

Examinations of adolescents iihich seek iiays to impiot^e health and fitness, as mcH 
as to iincoi ei abnoimalities'*, wnll frequently leveal j^uths whose arms aie extreme} 
thin, whose chests aie flat, and whose shoulder giidles aie pooil}'’ deamloped It "O" 


TABLE IV 

Exehcises for the Dei-elopwext of Arms, Chest, and Shoudder Girdle In Eight Boas 


Patient 

■3.ge 

Height 

{Inches) 

Weight 

{Pounds) 

No of 
Exercise 
Periods 

Curl * 

Alternate 
Press * 

IC 

14 

65 

99 

40 

15-25 

10-15 

CC 

15 

71 

126 

36 

30-50 

12M-20 

JG 

14 

64 

110 

60 

20-32)4 

73^1 IM 

LK 

14 

62 

91 

32 

20-30 


CP 

17 

69 

132 

46 

35-60 

1234-30 

AP 

15 

71 

172 

24 

20-50 

10—25 

HS 

16 

68 

127 

36 

25—45 

10-20 

JS 

15 

69 

133 

36 

30-45 

10-20 


Side 


5-8 K 
o-llH 
23-4-6M 

5-10 

6 K-10 

osH 


Side 

ban 


5-8E 
71 7-13/4 

2E-S3f 

2’f-'3 

73H'3 

5-16 

714 -llh 

5-12 


* The first number represents the initial maximum power, the second number the final maxnn 
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cecm lo'i^oinlilo to liolunr ihsit nn|M<n('moii< in IIicm' loiulitioiiH \von!(l lx* hcncfidiil 
TllC^outh who iloos not ui'^h t<i lie 'incl ‘.lionfxci ijiic, Mini, if foi no otlioi icasfin 

tlnn to Mtisf\ lIu’M' wislu"', it i'' piopci to li\ to help liiin 'I’o (iiKc (he position tliiil 
briiii'' HP 'ill-impoil lilt Miui to doin lliopiit tlnil hi-iwii pl-ivs in iin iidolcsi cnl 's mrnfiil 
hcillli niid .idpi''lini'nt is iiiifoi tnii'ilc' 'I Ii(‘m> pncki'-ps ni!i\ he considcipd inoic propoily 
ipul of 1 jilnMi il-pdiicition piofii iin llnin the (oincin of llic jilivsn nin, iipdiatiician, 
ortliopnedic ‘-pppiali^-l oi pln^-iod llioi ipi‘»l, Init often tliev (.in he (omhined willi 
p\ei ci^p'' foi the hick knei'^ oi some ot Inn lejiion wliidi lHiiip;s the jiatient in foi lieat- 
mciit 'loo few plusu \1 edueatois oi ithletn ( o i< lies s|)cnd miu h elToil in tlie iinpio\e- 
iiiciit of stioiif^tli of the less ihle itlilelcs, main of them aie inteiested (hiefl\ in the de- 
\clopiiieiit of skill ind in the i)s\ c lniloi:n al \*iln(‘s of ^imes \n indn.ition of the soit of 
puns wliieli e in he m'id(' is f;i\ eii In t In' (1 ii i in 'I ihh I\ 

1 C niiK in for <111 i(lni ( ps ( \( n ei s hut wetiiil it--o to )nn)<! op lin < In ■-1 arm'-, iinl slioiilch P'. ()\(r 
■tiwiod of t< n W( oks li( in iil(‘ roii-Kli r ilili i, oiis in ilnlilv (<» li iinlli in< r< ism (4 iinoiiiils of w( iplit in rioini; 
pirli of four ( \rr( i‘-<s 

] G is of inU n '•t lx 0 nis( In'- < S( n ei pi rnnl w is nit< rnipN <1 nnllximsi In w is iij; ini U sl< (1 after a 
mnesmonth iuUr\ il without Mtnil ir ivine-i In this ntni nioniti nilir\ it In Inni t iki n p irt in a nnular 
'chool prop'ini of socn r, li isK( th ill nnl I n ro'-'-' uni \i 1 ililniii|:h tin ri was no loss in alnlili to Ininlle 
ns mucli weipht ns he h nl iloin nun inontlis jik \ ioiisl\ it w is ililln nil for Inin to do so and tin n tort inilj 
hnd been no pnins in stri npth In si\i\ imhisi jx ruxls ( 1 al>h 1\ ) Ins ilnlilv to hnnille WLipht inerca-sed 
from 50 to 250 per cent for tin \ irions i \< rcis< s 

( ON( I I SIONS 

On the h.tsis of (his pieliininin expeiieine with pioKiessue-iesistance cnck.i'jcs in 
these conditions of adolescente it sooms oln toils that the method is a \ .iliiahlc adjunct 
to other pin SIC il-thci ip\ pioiedtiies 'I'lie ohjec ti\(> n itiiie of the oxoiciscs, the fact that 
numeric.al 5 allies e.in he .issifrucd nnd pioKipss th.iits kejit, ind the fact that new and 
strange equipment is used all (ontnhute (o (he ])itients mteiesl and coopeiatioii It 
Mould appear lint (he henefils of these proccduies peisist o\oi a tonsideiable length of 
time, further sliuh of this point is oh\ lonsly nciess Moie nn estigation of the natnie 
of the improvement in ability to li indie weight is dso needed Othei factois than muscle 
hypertrophy must exist to explain (lie th.inges noted The concomitant improvement in 
the contralateral limb has not been discussed, but in each of these eases it has been noted, 
and it has been described by Hcllcbr.mdt, Pariish, and Hontz 

suxixiAin 

1 This preliminaiy report suggests the efTcclivcness of the technique of piogiessive- 
resistance exercise m the after-care of knee injniics and low^-back strains and m the de- 
'0 opment of the muscles of tlie upper trunk and ai ms of adolescents 

2 The desirability of utilizing a therapeutic-exercise method wducli wnll not only 
restore muscle pow'er, but which wnll also produce a consideiable increase over the strength 
existing prior to injury, is urged 

, L clinical trial of progressive-iesistance exeicisc is suggested m conditions 

1 C require that muscle poxver be increased 
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AN UNUSUAL FORM OF de QUERVAIN’S SYNDROME 
Report op Two Cases* 

BY IAN D JIURPHY, M D , VAN NU1 S, CALIFORNIA 

From the Orthopaedic Section, Birmingham Veterans 
Administration Hospital, Van Nitys 

In most cases of de Quervam’s syndrome, the tendons of the abductor pollicis longii 
and the extensor polhcis brevis are involved, as they pass diagonally downward m « 
common compartment ovei the styloid process of the radius ^ Occasionally the ten ^ 
he m separate compartments, and the pathological process may involve either or to 
(Fig 1) In the cases reported here, the constiiction was limited to the tendon and separa 
sheath of the extensor polhcis brevis 

Case 1 A negro dishw asher, forty-seven years old, complained that pain m the left wnst had 
for five weeks The pam was especially severe on adduction and passive ulnar deviation of the luni 
ized swelling, heat, and tenderness were present just above the radial styloid process nches of Itf 

At operation, under the ischaemia produced by a pneumatic tourniquet, the frequently 

radial nerve were identified and retracted A transverse incision w as used to avoid the ug j o o jj, 

seen after longitudinal incisions The tendons of the abductor polhcis longus and extensor po i 

* Pubhshed with permission of the Chief Medical Director, Department 
Veterans Administration, who assumes no responsibility for the opimons expressed 
by the author 
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A METHOD OF PROCURING ILIAC BONE BY TREPHINE CURETTAGE 

BY WALTER SCOTT, M D , HOLLYWOOD, RALPH C PETERSEN, M D , GLENDALE, AND 
SIDNEL GRANT, M D , LOS ANGELES, CALIFORNIA 

An easy method of piocuimg cancellous bone from eithei the anteiioi oi the posterio 
poition of the iliac wing is piesented Essentially, it requires a one-mch incision, stiippinj 
of a small portion of the crest, and the excision of a piece of coitex sufficient to admit i 
medium-sized cuiette This is followed by complete cuiettement, bone being taken from i 
45-degiee aic in each diiection (Fig 1) The use of a suction appaiatus facilitates th( 
pioceduie consideiably Before closuie of the incision, it is advisable to pack the caviU 
V ith a hemostatic substance, such as gelfoam, to prevent the formation of hematoma 



Fig 1 


This pioceduie has been used by the authois m appioximately 150 cases 
have been no complications, and, as theie is piactically no shock, the 
used m the aged patient oi m the acutely injuied, where the conventional an m 
extensive iliac operations aie piecluded u. 

In our expel lence, cuiettmgs are supeiioi to cancellous chips, cubes, or slivers, 
cipally because the material can be bettei molded and packed into the bone 
the recipient site Aluscle stripping is entiiely eliminated, making early ami 
possible 
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M rM>LH'M-('M’ \in'IIU()JM.\ST'\ ()!' THIO IlII’ JOINT 


lIlMlWOI \lMMm\IM \ 1 1 I Om III NDIill) ('\SI s 
in \M \\M)1 li (.ni^'ON, I Ilf ^ (I \(. ), WINMIM (., MAMIOItA, f ANAJ)\ 

Tlicic 'iro (wo ciU'ilitK's tint in on joiiif ‘•lioiild po^-'^os'.,- ‘^l^^l)lll 1 ^ aiul moI)ili(,y In 
the uppoi limb, inohility is (lio Ko\no(o. in (ho lowoi Iiml) st ihililv is moio impoil.inf 
111 the hip joint, s('ihili(\ isliigolv .issmi'd 1 )\ (lie nns^i\ p ( rmsl i in (ion .ind tompaiativo 
fixity of (lie pehu piidlo wliilo nnibili(\ is pioxidod foi b\ (lie pio'-oiuo of a liall-and- 
sockef joint, pcimitlinj: niovoiiK'iit in .ill diioitioiis 

In ordci (hit this oinrtlirodi il joint nvu finiitioii at its host, the position of the ful- 
crum must he it 111 oMit distame fioin (ho lino of (ho 1 011(01 of j;iaM(y If fulcium and 
Iineofgra\i(\ aio ippioxim itial st ihilitx nia\ ho ini 10 isorl, hut thoie is a loss of niohilitj', 
if the\ .lie disti.ieted hoxond (ho noiinal llioio is 1 loss of both st.ihilitx .ind mobility 
If the “ni uhiiiing’' of (ho joint (ompononts ho <iofo((i\o 01 (ho liihi a .iting niech.inism 
imperfect, theic i^ i Ins', of (.flu iono\ and if (ho inii'-i lo i ontiol is dofiticnt, (he same result 
iccriies Of ill (ho f u tors not ("-s n \ (ot ho smooth w 01 king of 1 hip joint, probably failuie 
of muscle eontiol is the oiihost to inako itsplf manifest 'I ho uoik of Inman has demon- 
strated heiutifulh the miisi ul ii modi iiiics of (ho hip joint in logiid to the moxement of 
.abduction The futor of distrution of (ho he id of (he fomiii w is dealt with 1)3 Gilmour 
under the caption "Imrei'-od Viet ihular Depth' ihrag h is omph.isired this and has 
suggested a method of meisuiomont 

It seems i natui.d infeieiu e (h it (his outward p iss igc of (he he id is due to inadequacy 
of the muscles which sci\e (o hold it in the aicl ihuliim TTieso .ire muscles of which we 
hear comparitneh little, (hex no of oonsideiahle miss ind (hoy iiin for the most part 

I \IJI I I 

Mi \si 10 s I on no 1 ii 1 01 P\in 


]}nlling of till. liL ul of the femur 
IJnision of the ot)turntor iierx'c 
Di\)sion of tlic fourth lumbar root 
Acclabuloplasix 
C ipsulcctomj 
Chordotomj' 

Arthroplaslj (either without any barrier, 
with fnsna, or with some form of mold) 


ransxmrselj’^ from the pelxas to the uppci end of the shaft of the femui These muscles aie 
epectmeus, quadiatus femoris, adductor magnus (uppeimost poi lion knowm as adductoi 
ffimimus), piriformis, obturator exteinus, and ohtuiatoi mternus wath the twm gemelli 
IS reasoning suggests that muscular insuflicienc3'’ is an impoitant factoi m the develop- 
ment of osteo-arthritis of the hip joint, and that the deformities of the head of the femui 
of the acetabulum are not meiel3^ phenomena of degeneiation, but aie partly physio- 
^ogica bone reactions to misdiiected ph3’^sical strains This xvould align the condition 
lar fiequently m the lumbar spine, and x\ ould suggest the x'^alue of muscu- 

e^rcise, preferably without weight-bearing, as a piophjdactic measure 
Slew °steo-arthritic hip has one outstanding s3'’mptom, pain, and one outstanding 
) imitation of movement Of the two, pain is the more insistent problem Foi its 
6 Viation, many measures haxm been adopted (Table I) 

^oeting of The American Oithopaedic Association, The Bntisli Oithopaedic Asso- 
' rne Canadian Orthopaedic Association, Quebec, Canadi, June 4, 1948 
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Manipulation 

Osteotomj 

Cheilotoni} 

Joint debridement 

Reconstruction (Whitman or Colonn i; 
Bone block 

Muscle-flap transplant 
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TABLE II 


DisabiUtN 

Number of 

Cases 

Osteo-arthntis 

89 

Atrophic arthiitis 

9 

hlane-Strumpell disease 

3 

Unumted fracture 

3 

Tuberculosis 

2 

Slipped epiphj'sis (old) 

2 

Septic arthntis 

2 

F racture-dislocation 

1 

Total 

111 


The piesent papei deals mth about one bundled cases in which a Vitalhum cup 
as employed, folloinng the method of Smith-Petei sen It is in no sense a scientific memo 
randum The patients came mainly fiom long distances, then sta3'- m the hospital was for 
the most pait limited financial and othei considerations In the majoiit}’^ of cases there 
uas onlj" peifunctoij’- aftei-caie, and manj'^ of the patients have not been heard from 
diiectl}^ since thej^ left the hospital Indiiect lepoits have been numerous, but in most 
instances it has not been possible to check progress Thus it is a senes of impiessions 
rather than a statistical suivej'’ that is presented 

of the Patient 

The average age vas 52 6 yeais, the oldest patient ivas seventy-six, the youngest 
sixteen While theie has been some improvement in the older patients, notably in legaid 
to pain, the results have been rathei disappointing In oldei people there is not the ca 
pacity foi exercise and the will to improve that aie seen m j^ungei individuals We ha\e 
tended to set the age of sixty-fiAm as an aibitiaij'' upper limit foi this pioceduie On the 
other hand, the ti\o imungest patients, aged twenty-thiee and sixteen, gave pool lesult* 
The most encoui aging piogiess was made b3'' patients in the fifth decade 

Stage of the Disability 

h'lost of the patients tieated surgically were in a fairly advanced condition M'd' 
much osteoph3dic outgiowth, loss of aiticulai caitilage, and limitation of movement Tie 
authoi has moi ed tovaid the position that an earlier attack on the problem, before these 
changes had become so marked, would have given better results In a community 
most of the population live b3'^ ph3’-sical laboi on the faim oi on the railroad medical ai i 
not sought until the malad3'’ has become disabling oi the pain intolerable 

Cause of the Disability 

The causes of disability aie indicated in Table II The cases of osteo-aithiitis '\erc, 
on the whole, suitable for this form of tieatment Ati opine aithiitis pioved less 
tory, and the cases of Maiie-Stiumpell disease w^ere w^holly disappointing 
cases of tuberculosis, in one the procedure wms undertaken deliberately and m 
the infection was a belated discovery In both the treatment failed, both patien 
arthrodesis later wnth satisfactory outcome Of the three cases of ununited 
the neck of the femui, one had a satisfactory result and the othei tw'o did 
twm cases of slipped epiph3^sis, one patient, aged thii ty’^-thi ee, is at latest repoi r 
pain, but IS still using a crutch The othei, aged sixty^-one, suffered dis oca 
cup fiom the acetabulum, the loof being ver3'- sloping Fusion of the joint was 
later Of the twm cases of septic aithiitis, giadual stiffening occurred in one, a 
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TABLE in 


\umber of 


Result Cases 


Good 65 

Satisfaeton 16 

Bad 19 

Unclassified 11 


Total 111 


the head of the femui was excised The othei was the result of a se\eie war injury The 
re:ult whde not spectacular, is regarded as a success, inasmuch as the patient is now able 
to dm e a car and manages a small business of his own A good result w as obtained m 
the case of fracture-dislocation 


THE SERGICNL A.PPRO\CH 

In ever 3 ’ case, the hip joint was exposed bj' the "posterior ’ approach based upon 
that described bj^ Kocher It has proved to be \ery simple thorough, extensible to any 
degree, and almost bloodless, it is unaccompanied b\' shock It is rareh' necessarj^ to tie 
a Wood 1 essel, no patient has ever required or had a blood transfusion, and there has never 
been a hematoma in the w ound There is no extensn e detachment of muscle fibers from 
bone, the glutaeus medius and glutaeus mimmus run no nsk of shortemng Replacement 
after reflection is eas\^ and accurate There is no interference wnth the function of the 
iliotibial tract After recover! , the Trendelenburg sign is usually negative The descnption 
of this approach sounds complicated, m piactice it is exceedmglj’- simple As manj' sur- 
geons seem to be unfamiliar with the method, a bnef description is given herewith 


The So-Called “Posterior” Approach * 

1 The skin incision is made from a pomt about two mches (five centimeteis) m 
front of the posterior superior spme of the ilium m a straight hne or a slighth* forward 
eune, downward to the uppei antenor angle of the greater trochanter, fiom this pomt 
It passes ! erticall}’- downw ard along the lateral aspect of the thigh for six or seven mches 
^^Tien the skm and fat have been reflected, the antenor border of the glutaeus maximus 
"ill be revealed 

2 The fascia lata should be mcised m the line of the femur This incision is followed 
upward along the antenor border of the glutaeus maximus, and the muscle is leflected 

ackward This avoids bleedmg from the muscle 

3 The posterior border of the glutaeus medius is then endent, and is separated 
^rom the adjacent piriformis tendon The border is followed down to the insertion on 

^sp^ct of the greater trochanter, and this insertion is detached with a flake 
of ^ necessarji- The operator should then proceed around to the antenor surface 
n ^ greater trochanter, and detach similar!}" the glutaeus minimus at its msertion 
u ^of these muscles are reflected forward 

t msertion of the pirifomiis is detached from the highest pomt on the greater 

laid b muscle is reflected backw ard The upper aspect of the capsule is then 

fhe ^ joint capsule is mcised from the nm of the acetabulum to the upper aspect of 
nee ^ of the femur, thus openmg the jomt ca^it}" 

e femoral attachment of the capsule is detached from the antenor intertro- 

* ^ 

detailed descnption of this procedure will be included m an early issue of the Bntish Volume of 
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chanteiic line, as fai as is necessaiy to piovide easy egress foi the head of the femui It h 
nevei necessarj’- to touch the iliopsoas 

7 The head of the femur is then dislocated through the opening in the uppei anterior 
poition of the capsule The knee is flexed, the thigh is rotated strongly outwaid and h 
adducted '\'\Tien this has been done, the field of operation is completely in view 

8 The periphery of the acetabulum is freed from excessive bone growth The flooi 
of the acetabulum is inspected, and any loose pieces of bone oi redundant synovial mem 
brane aie removed The bony floor is usually smooth and is not weakened by bulling out 
compact bone 

The head is remodeled loughly with an osteotome, then with a short wood lasp 
which IS conti oiled ^vlth the fingei tip, and finally with a reamer 

10 The cup IS fitted so that it moves easily and smoothly, but does not “lattle” 
The neck is fieed from projecting spurs of bone 

11 The cupped head is lemserted into the acetabulum by leveising the extrusion 
manoeuvre The flap of capsule is stitched back into position 

1 2 The glutaeus medms and glutaeus minimus fold back into position and ai e stitched 
vith catgut, the glutaeus maximus and fascia lata are similarly disposed of, the skin is 
closed Mith a continuous sutuie Although the wound is fourteen oi fifteen inches long, it 
heals readilj'^ 

Posto-pei ahve Treatment 

The period spent m bed is usually four weeks, duiing which exercises aie earned out 
Thiee principles are obseived m regaid to exeicises 

FiiA, they aie graded, as follows 

1 Assisted The strain is eased by the use of pulleys and counter suspension 

2 “Sciatch" The limb is actively moved without assistance 

3 Handicapped Resistance is added in the foim of a iveight which is systematical!} 
inci eased If weight is added too rapidly, pi ogress is letaided 

Second, the exeicises aie earned out in all directions In the case of a disabled knee 
joint, we aie constantly adjuied to institute “quadriceps” exeicises Expenence has 
shown that “hamstring’ exeicises are at least as impoitant, and so, in the case of tie 
hip joiA, exeicises must include flexion, extension, abduction, adduction, external rota- 
tion, and internal rotation Special attention is paid to abduction 

Thiia, it IS recognized that the movements of the hip joint and those of the lum ar 
spine are complementary, hence exercises foi the back are carried out as faith u } 
those for the hip itself 


COMPLICATIONS 


Breaking of the Cup In no case has this occuiied 

Injection In one case infection flared up suddenly during the thud pos oper 
\ eek As it did not i espond to consei vative measui es, the cup was removed 

Dislocation Dislocation occuiied in three cases One of these w^as an unun 
rure of the neck of the femur m a woman w^eighing about 250 pounds The 
reck was too short A second occurred in a patient wdio had an attack of femur 

iftei returning home He lay constantly on the sound side, and the uppei end o ^ 
vas displaced from the cup It w^as replaced by manipulation nearly thiee yeais 
Rere has been no trouble since In the third case, the cup w^as displaced from 
um It w^as an eiroi of judgment to have placed a cup in a socket w^th an i 

roof The error w^as corrected by subsequent arthrodesis the depth 

Bone Absorption A fairly constant finding w^as that the cup sinks m o ^ 
the acetabulum, and that the stump of the neck seems to shorten as i i a oppo'^ 
rbsoiption In some instances a layer of sclerosed bone seems to be ai o 

„ rnrVT SUnOrB' 
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Fig 1-A Cise 1 September 8, 1949, tea 
years after operation Shous absorption of the 
neck and sinkinglof the cup into the acetabulum 

Fig 1-B Septembei 8, 1949 Lateral view of 
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Fig 2-A Fig 2-B 

( i^e 74 Maj 17, 1939, before operation June 11, 1949, eight and one-half years after 

operation 


this mieiation No pain accompanies this giadual displacement, although movement be- 
comes le^s flee The pictuie suggests that, at least in old cases, the mam part of the mote 
nient m the leconstituted joint takes place between the uppei end of the femui and the 
cup 1 itliei than between the cup and the acetabulum A coiollaij’’ to this obseivation 
^^ould seem to be that it is inadiasable to buir out the cavity of the acetabulum, as this 
proceduie must expose softei bone to the piessuie of the metal 

Tiaiiiiient Diop-Fooi This vas noted m one case, and was attiibuted to stretching 
of the sciatic neiie in the process of extuision of the head fiom the acetabulum In the 
customaij exposure, the sciatic neive is nevei seen 

Spw Foimaiion In one case, complaint of pain led to le-exposuie of the hip A ridge 
of bone nas piesent on the undei side of the neck Removal of this spur (m 19-11) gnie 
complete and peimanent relief 

Siitwe Matei lal In a fev cases, stout silk was used to ensure him closuie of the cap 
sule In tu 0 instances, these silk sutures uoiked out at a later date Apait fiom a chrome 
discharge, there u as no inconvenience 

BILATERAL CASES 

There veie five bilateral cases, with one death, this occurred six months 
second operation, as a result of arteiioscleiosis vuth gangrene of the foot The *^2 
the other foui cases were satisfactory One patient has been operating a taxi since 1 
another, aged seventy-six, is still able to get about with canes, anothei is worlung on 
farm A fifth patient, whose result had fiist been classified as “bad”, came back to i 
the other hip made equally free from pain 

MORBIDITY 

There weie no operative deaths Five patients have died since the 
lefeired to in the preceding paragraph, at the age of sixty-eight Another ag^ 

SIX, died a month after operation from cerebral arteriosclerosis A third died ^ ° ^ 
cause at the age of seventy-six, a fouith died five years after operation at t e ag ^ 

the joubnai, of bone and joint scBonf’ 
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Fig 3 

Case 43 Appeaiance of hips on ^laj 14, 1946, si\teen months after second opeiation 


nine, likeitise fiom aiteiioscleiosis The fifth patient died one yeai aftei operation fiom 
'econdaiy caicinomatous giottihs in the pleura and spine As fai as is IcnoAvn, theie hat'-e 
been no deaths among patients operated upon since 1942 


RESULTS 

It is impossible to present an accurate picture All cases should theoretically be con- 
'll eied undei three categories, — anatomical, functional, and economic In consideiing 
movement alone, a three-dimensional joint demands thiee-dimensional cooidmates tvhich 
iiA e to be con elated This would entail the use of an index of mobility, actum and passive, 
f ecked at inteivals, — a measure adopted in only a few cases of the piesent senes The 
m e criterion used has been functional efficiency When the outstanding indication foi 
operation is the i ehef of pain, it should be obvious that the patient must have a voice in 
'mating the result The lesult is considered “good” when the patient can eain his oun 
mg and indulge in a model ate amount of physical lecieation, such as cuilmg oi golf 
firn*) socks and shoes, and should be able to stand 

"'at' f^'^ of the affected side Many have attained such results (Table III) A 

ordi ’ ^®sult is one in v hich the patient is completely relieved of pam during his 

^ o'narj actinties This has been attained m the great majority of cases A “bad” result 
'een^ the suigeon oi patient, or both, are disappointed Of these, theie aie nine- 

oUi They include the cases of tubeiculosis, of Maiie-Stiumpell disease, 

'"‘duded'^^ "h'oh bettei selectum judgment oi bettei opeiatnm technique Mould have 


•ARTHROPLASTY OR ARTHRODESIS ^ 

"Prh pondeis the question of arthioplasty or aithrodesis In some cases, 

eiculosis, theie is no choice, arthrodesis is impeiative In othei cases, vheie 
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foi example, theie is bilateial ankylosis, an attempt to secure movement on at least one 
side IS equally impel ative Both measures, if successful, give piomise of lehef fioni pain 
If a leasonable degiee of stability can be seemed ivith, at the same time, aieasonabledegice 
of mobilit}’-, then aithioplasty is the hist choice If only in a hip joint, a ceitam measuie 
of freedom is siuelj^ voith the saciifice of a modicum of secuiity 

ILLUSTRATIVE CASE HISTORIES 

Case 1 A le M , aged fifty-eight, a market-gaidenei, was completely disabled on account of osko 
arthntis of the hip The operation was performed on July 3, 1939 He left the hospital m two weeks, had no 
postoperative treatment, and has been free from pain since He regained good movement of the joint, na« 
able to cross one leg over the other, and to sit in comfort through an entertainment The patient was last =een 
on September 8, 1949 (Figs 1-A and 1-B) There is still practically no pain, but the movement is less He 
w orks from daw n to sunset, drives a car, and is satisfied Functionally and economicallj", the result is good 

Case 74 B H , a stenographer, was operated upon at the age of thirty-eight She had suffered from 
atrophic arthritis since the age of nineteen Her left hip joint had been affected since 1938 The right kn« 
was stiff (fibrous ankylosis) (Fig 2-A) The operation was performed on January 5, 1941 The patient was in 
the hospital for four and one-half w eeks, and did not use crutches after that time She i eturned to w ork in from 
seven to eight weeks This woman has had no pain since her opeiation, and has lost no time from work 
Roentgenograms show' considerable sinking of the cup into the acetabulum, and absorption of the neck of 
the femur The patient was last seen on June 12, 1949 (Fig 2-B) 

Case 43 J P had been a groom and a coachman, when seen, he was on old-age pension He had marked 
osteo-arthritis of both hips wnth disabling pain He was seventy-one at the time of his first operation, on June 
16, 1943 He obtained lelief from pain, and asked for an operation on the second hip This was done on Janu 
ary 5, 1945 (Fig 3) 'UTien last seen, on June 15, 1949, the patient w'alked with tw o canes, but stated that he 
w as relatively free from pain unless he did too much This case is classed as satisfactorj', although the patient 
himself thinks the result is good 


CONCLUSIONS 

1 Vitallium-cup arthioplasty offeis good piospects of relief fiom pam and inci eased 
movement in cases of osteo-aithiitis of the hip joint 

2 The “posteiioi” approach affoids excellent exposure wuth little trauma 

3 Giaded exeicises in all diiections aie valuable for rehabilitation 

4 The pioceduie has not been found suitable in cases of tubeiculosis, Mane-Stiunipcll 
disease, oi sloping of the acetabular loof 
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DISCUSSION 

Dr M N Smith-Petersen, Boston, Massachusetts I think Di Gibson has P’'°^ * ^ metliod o’ 
1 a thing w'ell m our own way, w e may occasionally succeed He has demonstrated a dittere 
•throplasty than the one we advocate There are several points upon ® be mechamw"' 

I have alwaj's felt that, if we are to create a joint, we must create j 

(Conhmied on •page 878) 
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POSTERIOR DISLOCATION OF THE HIP WITH FRACTURE OF 
THE HEAD OF THE FEMUR 

EVERETT J GORDON, M D , AND JOSEPH A FREIBERG, M D , CINCINNATI, OHIO 

Fioin the Depailmcni oj Orthopaedic Surgery, College of Medicine, 

University of Cincinnati 

Tiaiimatic dislocation of the hip compiises fiom 2 to 5 pei cent of all tiaumatic 
lislocations As the piecipitating injiuy is always one of gieat violence, a complicating 
ractiiie is not uncommon, this usuall}'- involves the posteiioi iim of the acetabulum A 
ractiire of the head of the femui accompanjnng posteiioi dislocation of the hip is rare, 
tlias been repoited infi equentlj’’ in the literatuie Such a case is desciibed heie 

It IS geneiall}’’ agieed that the cause of fiactuie of the head of the femur, in con- 
unction inth posteiior dislocation of the hip, is eithei diiect tiauma to the gieatei tio- 
ihantei, or, moie fiequently, a poweiful upwaid foice eveited against the anteiioi aspect 
)f a knee held m 90 degi ees of flexion 

The fractuie of the head of the femui appears to occui in its infeiioi or anteio- 
nfeiioi third, the fiagment ma}'- be attached to the hgamentum teres and may or may 
lot remain inthin the acetabulum, thus affecting the choice of pioceduie foi leduction 

CASE REPORT 

J C (Hospital No 213614), a white male, thnty-two yeais old, was admitted to Cincinnati Geneial 
Hospital on May 7, 1946, after the automobile which he had been driving had clashed into a tree On mitial 
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Fig 2 

Femoral head has been completely reduced mto the acetabulum 



Fig 3 


Intracapsular, detached osseous fragment is seen 
be visualized 


antero-infero-mediallj , no acetabulai defect 

bone and joint sinoFin 
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examination a severe scalp laceration iias found, fcogethei with signs of ccicbial concussion The right lower 
edremitj' was held m 20 degrees of abduction and 90 degrees of flexion at the hip joint The greater tro- 
chanter could be felt, high on the postcrioi eicst of the ilium, and all movements of the light hip were painful 
Therewasaseverelj lacerated, compound fiacturcof the light patella with wide sepaiation of the fragments 
A diagnosis of posteiioi dislocation of the light hip was con- 
firmed by roentgenogi am (Fig 1), which, however, wasmsufflcientlj 
good to show the bon}" detail of the femoial head Reduction was 
difficult, but was finally accomplished, with the patient under 
mtnvenous pentothal anaesthesia, by dncct, forceful ti action with 
the hip flexed to 90 degrees Because of the cciebi al injuiy and shock, 
forwhich two units each of plasma and blood weic gix'cn, the patella 
and scalp injuries were repaired under local mfiltiation anaesthesia 
A mre suture approximated the patella! fiagmciits, and the knee 
was unmobihzed with a massive Schanz dicssing The hip was pai- 
tiallj immobilized by binding the lowci cxtiemitios togethei Con- 
lalescence was uneventful, the wounds healed pc; prmiam 

Roentgenograms, taken one week aftci admission (Fig 2) 
confirmed the reduction of the femoial head, but also showed a fiec 
fragment of bone wathm the joint cajisule At fiist this was intci- 
preted as a fracture of the posterioi lip of the acetabulum, but w’hcn 
further studies, includmg stereoscopic views, showed the fiagment 
to be l}mg anterior and mfero-medial to the head and neck of the 
femur, it was decided that the loose fragment had been detached 
from the head of the femur and not from the acetabulum 

Although there w as a good range of painless motion m the hip, 
the hip was explored, three weeks after injury, through an anteiioi 
approach A large fragment of the femoral head from the articulai 
surface of the antero-mfeiioi poition, with a small iidge of adjacent 
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p Fig 5 

I’ortion of detached fragment from antero-infenoi surface of head of femur, with small 
^'g 5 neck (Artifacts of articular surface from instrument handling ) 

Intn of icetnK,.!' mjur} , no axmscular necrosis of head of femur is visible Sclerosis of inftrioi 

'xxnomum may be seen 
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cervical bone attached, vas found tightly wedged beneath the joint capsule on the anterior aspect of tlic 
neck, joined to the neck b}" a synovial reflection This was removed, with another smaller fragment of looce 
articulai cartilage (Fig 4) The defect m the antero-infeiioi poition of the head vas visualized, but vas not 
disturbed No fracture of the acetabulai rim could be noted 

Tiaction of fourteen pounds vas applied through a Stemmann pm, placed in the supracondylar region 
of the femur, and uas continued foi si\ weeks This allowed eaily motion in the injured knee, nhicli (in 
patient soon was able to flex to 150 degrees Active physical therapy, including heat, massage, and actnc 
and passive exercises to both the knee and hip, lesulted in continued improvement The patient was allowed 
up on Clutches eleven weeks aftei mjuiy, wuth an elevated shoe on the uninjured side to prevent weight 
bearing At that time hip motion consisted of flexion to 95 degrees, extension to 185 degiees, abduction to 
25 degrees, adduction to 40 degrees, internal rotation to 20 degrees, and external rotation to 35 degrees 
Roentgenograms of the hip showed a normal outlme of the femoial head, except for slight fuzziness of the 
antero-inferioi portion 

One month later, there w as a complete i ange of painless motion in the hip The patient w as very cooper 
ative in the use of his crutches, apparently there was no wmight-bearing on the affected side Weight-bcaniig 
was avoided for six months follownng injury, in the hope that adequate fibiocartilage might form over the 
denuded portion and that deformity of the femoial head from possible aseptic necrosis might be prevented 
Partial w eight-beaiing w as then instituted, and the crutches w'ere discarded tw'o weeks latei At that time the 
patient had no difficulty in using the right hip, and was able to return to his w'Ork at dry cleaning Three 
months later, he had a full range of painless motion in the hip, he wmlked without a limp, and w as able to do a 
full day ’s w ork without fatigue Roentgenograms revealed the defect in the femoral head, but otherwise an 
essentially normal hip joint 

The patient returned to the clinic on May 25, 1948, tw'O yeais after mjuiy, W'alking with a normal gait 
and with no complaints Examination show'ed no shortening of the right low'er extremity and a normal range 
of motion in the hip, w ithout pain Motion in the right knee had improved almost to normal Roentgenograms 
of the light hip suggested the possibility of a slightly superioi position of the acetabulum (Fig 5), but other 
wise essentially' no change from the previous examination of February 11, 1947 

By questionnaire in March 1949, the patient leported that he had a complete range of motion in the 
light hip as compaied to the left, no limp, almost complete motion in the right knee, and no pain wnth w'eight 
bearing or w alking He w as able to do a full day’s w'oik without difficulty', and expressed the opimon that the 
hip w’as as good as it had been before the accident 


DISCUSSION 

VlTALLIUM-CuP AbTHROPLASTX OF THE HiP JoiNT 
(Continued from qiage 868) 

efficient In older to bring this about, we must icconstiuct both sides of the joint Foi this reason, 
teiioi appioach, W'hich gives access to the acetabulum, was developed Dr Gibson does not 
and has show n illustrations to demonstrate his point In conditions, such as malum coxae senilis, w h 
glow th of bone on the acetabulai side as w'ell as a laige femoial head, the posterior approach wou 
disappointing and certainly not so easy as it appeal s to be in the film demonstrating the operation ^ 
stiuction of the acetabulum must be done if we aim to lay the foundation for a joint that wn unc lo 

peimanently thel>ca<^> 

Di Gibson made a statement that the cup should not lock on the head The cup should rOc on^^ 
it IS not physiological for the head of the femui to be encased snugly m the mold There mu 
betw een the acetabulum and the mold, and between the femoral head and the mold If t ® ^ mold 
and does not rock, we will have motion betw'een the mold and the acetabulum only tig 
interferes wuth the circulation to the head and neck and, m the couise of time, degenerative c 
inside the mold, resulting m a distoited relationship between the mold and the adjacen ,in 

I am glad that Dr Gibson emphasized the need of careful postopei ative treatmen 
poitant if the best possible results are to be obtained , 

11 Q nf ostco 

Du Alexander Gibson (closing) The cases in this senes weie essentia y' case ^nce lia= n®* 

the hip We had one or two othei conditions, such as a shallow' acetabulum, w ic i ^ „e have not doni 
hi en treated successfully It w ould demand a degree of excavation of the aceta u um ^ no moi 

In regard to the point brought up by Dr Smith-Petersen, w'hen I sai roc m j^ggif sinK*' 
fiom side to side The joint must never be stiff It has been oui experience la 
bone and that the bulk of the movement is between the stump of the nee an 
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SURGICAL APPROACH TO THE VERTEBRAL BODY 


Bl AKTHUR A MICIIELR, M D , AND FREDERICK J KRUEGER, M D , 
BROOKLYN, NEW AORK 

Fiom the Depailmcnt of Orthopaedic Suigcnj of the United Stales 
Marine Hospital, Staten Island, New York 


Early veitebial lesions in which the pathological changes aie confined to the veitebial 
body present a problem in then diagno.^is The piesent-day method of basing the diagnosis 
solely upon the findings of the roentgenologist and the clinical pathologist is not accurate 
in all instances Only upon obtaining, definite biopsy evidence can a sound diagnosis be 
made and the appropriate therapy instituted- Needle biopsy of the thoiacolumbai 
vertebrae is not onlj'^ a blind and dangeious procedure, but frequently yields unieliable 
and inadequate material for diagnosis The anterior oi abdominal appioach to the verte- 
biae IS difficult and hazardous 

Since a safe method foi obtaining adequate biopsv material has not been available, 
veitebial-body lesions haAm frequently been treated on an empirical basis with anti- 
biotics, loentgen-iaj’’ therapy, oi spine fusion Consequent!}’’, several methods foi penetra- 
tion of the A'^eitebial bodj'- through a 
posterior spinal appioach, for the pur- 
pose of obtaining adequate biopsy and 
culture material, have been devised 
B} a direct appioach to the veitebial 
body through definite bone channels 
vhich can be exposed leadily, the 
selected portions of the body contents 
are made available for diagnosis and 
subsequent therapy The method of 
choice for penetration of the thoia- 
columbai vertebral bodies will depend 
entirely upon the surgeon’s dexterity 
and his familiarity Avith the anatomy 
of the structures involved 

The transverse diametei of the pedicles in lelationship to the bodies of the thora- 
columbar vertebrae is of gieatei proportion than that noted on examination of the mounted 
skeleton (Fig 1) A tiephme Avith bores of thiee-sixteenths of an inch, seven thiity-seconds 
of an inch, and five-sixteenths of an mch is used foi penetration into the body The gauge 
'^sed IS dependent upon the veitebral body undei investigation The maikei is used for 
locating the centuim of the aiticulai facets, ovei ivhich the tiephme is mseited (Fig 2) 

THORA-CIC VERTEBRAE 

Thehodies of the thoiacic vertebrae may be approached by either of the two following 
•methods 

Ifct/iod I 

The patient is placed m the pi one position A paravertebral incision is made ov'^er the 
^ ol the spinous process and over the laminal plate of the affected vertebra The muscles 
and the tiansA'-eise process is bared A transverse osteotomy is performed at 
oase of the transverse process, at its 3 unctuie with the laminal plate (Fig 3,A) By 
pressing or retracting the transverse process from the wound, the isthmus of the vertebra 
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Fig 1 

Transverse sections through the thoracic and lumbai 
vertebrae show the relative diameter of tlie pedicle as 
compared with that of the body 
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IS exposed and the cancellous natuie of its 
bone structuie may be seen A tluee-si\- 
teenths-inch tiephme with quartei-inch maik- 
mgs IS inseited through the fenestia and 
guided downward ivith slight piessuie, so that 
a meie twisting action leads the trephine into 
the pedicle and finally into the body (Fig 
3,5) The trephine is removed repeatedh, 
after minute progiessions within the channels 
have been made In each instance, the con- 
tents should consist of cancellous hone, vhich 
indicates the presence of the tiephme within 
the medullary substance of the pedicle As a 
lebult of penetiation by the tiephme, a chan- 
nel from the posteiioi elements directly into 
the vertebral body is foimed, and spongy bone 
01 pathological tissue can be lemoved readily 
with a small blunt curette If he so desiies, the 
opeiatoi may use the tiephme stylet instead 
of the tiephme, inseiting it thiough the can- 
cellous isthmus into the canal of the pedicle 
and finally into the veitebral body Onh 
gentle piessuie is lequiied foi penetiation of 
the stylet 

Method II 

Aftei osteotomy of the base of the tians- 
vei se pi ocess of the involved vei tebra has been 
pel foimed, an alternate method of approach 
to the veitebial body can be earned out in the following manner The transverse process 
IS reti acted sufficiently, m conjunction ivith slight depression of the adjacent rib, to expose 
the junction of the pedicle and bodj'' The tiephme is used to penetiate this junction at an 
angle of 45 degiees towmid the centium, and material is similaily lemoved ivith a curette 
(Fig 3,C) 



Fig 2 

The tiephme with st5det inseited, showing the 
three diameteis The marker is used foi a contiol 
in trephining the aiticular facet 


LUMBAR VERTEBRAE 

The approach to the lumbai veitebial bodies is easier than that to the thoiacic 
bodies, both because the vertebrae and then piocesses are larger and because of tie 
sagittal 01 anteioposteiioi arrangement of the facets Any one of the followong three 
methods may be selected for penetiation of the bodies of the lumbai veitebiae 

Method I 

A paiaveitebial incision is made, directly over the aiticulai facet of the vertebia 
body under consideration The articular facets are located and denuded Penetration in 
the isthmus, pedicle, and body is made through the supeiioi articulai pi ocess ^ er 

pi ocess has been located, the ascending facet will indicate the body of the lumbar i ei e 
to be operated upon Towel clips arc applied to the ends of the spinous 
adjacent vertebrae, and the exposed facet articulation is identified b}" alteina ® P 
and pulling on the two clips A maikei is inseited into the joint space of t le ar 
and a trephine, five-sixteenths of an inch in diameter, is slipped oyei t e 
4 , A) The caitilaginous plates of the aiticulai facet aie complete 3 ^ gouge 
tiephme has penetiated for a distance of one-half inch (Fig 4,5) 
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Fig 3 

'1 Transverse osteotomy at the base of the thoiacic transverse process 
B Trephme through the fenestra of the isthmus, into the pedicle and body 
C Trephine inserted into the bod}’-, at junction of pedicle 

The ttvo buttons of bone facmg the maikei are lemoved (Fig 4,f), the aiticulai car- 
ilage of the apoph3''seal joint is found to be sandwiched between them A smallei tiephine 
sinseited into the fenestia and is earned dotvnward, usually by its own weight, foi thiee- 
luaiteis of an inch With slight twisting, the trephine is manipulated vnthin the medullai}'' 



. Jk. iV* ^ 

B mto the articular facet Trephme is slipped over the marker 

/ T,, leaves of the articular facet, wuth a channel of cancellous bone 

nset shows the two buttons of bone removed 
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Fig 5 

The position of the spine on the opeiating table will deteimine the diiection of the trephine 


poition of the pedicle Aftei each minute piogiession, the mateiial in the tiephme should 
be examined to be sine that cancellous bone is piesent If the coitical bone is being 
skimmed the opeiatoi can detect this b^'’ noting the deflection of the instiument Tlie 
body IS penetiated m most instances when the tiephme has been inserted foi one inch 
Samples of mateiial foi biopsj^ and cultuies can be lemoved wath the tiephme thioiigi 
this opening (Fig 6, A) Sufficient mateiial foi diagnosis can be obtained by simple curette 
ment of the body The st 3 det maj'^ be used instead of the tiephme for penetiation throng' 
the fenestia into the isthmus, pedicle, and body In the lumbai spine, as in the thoracic 
legion, the medullaiy bone extends within a channel fiom the isthmus, thiough thepe ic Ci 
and into the body 

Aftei completion of the biopsj'’, the aiticulai facets ^ aie eithei locked by 90 
lotation of the lemoyed buttons of bone, oi they aie lemfoiced by use of a part o ^ 
spinous process, tiansyeise process, oi piefeiabl 3 '-, the iliac bone (Fig 6,5) By 
larger tiephme thiough a small incision oyei the ilium, the necessary peg of bone ca 
obtained 

Method II 

The approach thiough the tiansyeise processes is carried out by Ij-ia- 

posuie thiough the aiticiilai facet (Method I), and retracting the muscles 
of the tiansyeise process of the yeitebial bod 3 '^ inyolyed An osteotomy is pei^^ j^fomal 
the base of the piocess, after it has been bared at the posterior surface an ^ i 

plate has been exposed (Fig 7, A) A gieenstick osteotomy of the of 

done and it is depressed, but not lemoyed from its bed A fenestia by use of ^ 

isthmus IS obtained in this manner, and the operation can be continue the 

tiephme thiough the isthmus into the pedicle and the body, oi by 
trephine stylet (Fig 7,5) Cuiettement of the bod 3 '’ can then be cairie 
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Fig 7 

n ^'^enstick transverse osteotomy of lumbar transverse process 
o 1 rephine mserted into the fenestra, pedicle, and body 


Method III 


This method is in leality a continuation of Method II The osteotomy is peifoimed 
of the tiansverse piocess of the involved vertebia The transverse process is 
removed fiom its bed, but is meiely depiessed, so that, by blunt periosteal stiipping, 
P^'i'ole can be exposed at its lateial maigin The point of junction of the pedicle 
bod ^ of the veitebia is selected as the site of penetration of the tiephme into the 


SUMMARY 

been^*^*^ ”^®thods of direct approach to the thoracic and lumbai veitebral bodies have 
for oach instance, the suigeon should select that pioceduie which is safest 

thr veitebral bodj’^ involved 63'- approaching the veitebral body diiectly 

bodT^* <fofinite bone channels which can be readil}’’ exposed, the selected poitions of the 
iro made available foi diagnosis and subsequent therap3'’ These methods 

Pirticiilailj valuable in those cases m which the lesion is confined to the vertebial 
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bodj', and no othei ‘^oiuces of biopsj’- oi cultme mateiial aie available upon vhich (o ba^o 
a diagnosis IMoieovei, the diiect appioach facilitates the intioduction of penicillin 
stieptomj^cin, oi othei medication into the veitebial body 
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POSTERIOR DISLOCATION OF THE STERNOCLAVICULAR JOINT 

Report of a Case 

BY VA.LTER A GUNTHER, M D , KNOXVILLE, TENNESSEE 
From the Penn Clinic, Knoxville 

Dislocation of the clavicle at its sternal end is i datively raie, as compared luf 
aciomioclaA iculai dislocation Of the thiee mam types — anteiioi, supeiioi, andposteuor- 
the anteiioi is by fai the most common Not more than thirty cases of the letiosteina 
laiiety liaAe been lepoited m the hteiatuie 



Fig 1 

Oblique viei\ of left sternoclavicular joint before reduction 

The folloAving lepoit presents a case treated successful^’' by manipidat 

A fifteen-year-old ivlute American boy reported to the emergency room forearm m t- 

1948, complammg of pain m the chest He v alked slightly hunched T/heumve He stated tliat two I.ou' 
right hand Although m pain, he was not dyspnoeic or particularlj" appr -rpoU' 
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Fig 2 

Oblique view after reduction 


earlier, while engaged in a sand-lot football game, he had hurled his 135 pounds at an opponent of 190 pounds 
in a “bod\ block” At the moment of impact he had turned the left shouldei toward the opposing player 
and had received the full force of the latter’s charge on the posterior and lateial aspects of Ins left shoulder 
He was knocked to the ground and felt instant pain m the region of the steinum 

On physical examination, a depression was felt at the sternal end of the left clavicle, at the spot wheie 
the slightl) bulbous end of the clavicle max usuallj' be palpated There w as some sw elling over this point and 
It was exlremelj tender to the touch There was no evidence of dj'spnoea oi dysphagia No abnormal dis- 
coloration was present, nor exadence of air under the skm Examination of the left upper extremity revealed 
no signs of penpheral-nerx e damage or of ciiculatoiy changes Roentgenogiams of the chest wall m right 
and left oblique xaews showed the sternal end of the left claxacle to be displaced behmd the sternum The 
actual oxerlap, wathout compensation for distortion m the film, xxas seven-eighths of an inch 

The patient was told that closed reduction of the dislocation should be done without delay He refused 
treatment and left the hospital, carrjang the left arm m a sling Tw o days later he reappeared, the pain and 
snellmg m this region haxang mcreased 

■Uter suitable preparation, mtiax^enous pentothal was admmistered, and an unsuccessful effort xxas 
de to reduce the dislocation bj strong upw ard and outxx ard traction on the left arm, as xx ell as backw ard 
pressure on the shoulder The anterior aspect of the chest wall was then prepared as for surgery, and the 
reizcJ clamp were intioduced through the skm at the left sternoclavicular joint The clavicle xvas 

'cre firinlx , as close to the sternal end as possible Strong traction xx as made on the clamp, xx hile the prexu- 
manipulations were repeated bj assistants With a click, the clavicle moved back mto its noimal relation- 
'P 0 the sternum Roentgenograms (Fig 2) shoxxed that the right and left sides weie symmetrical The 
iHe clavicle could be palpated m its piopei position 

to iVi 1 shoulders w ere held back, a xx ell-padded plaster-of-Paris figure-of-eight dressing w as applied 
'^clh ^ gredle The boj wore this foi one month, and xxas ambulatorj^ At the end of that time the 
frill . ®*tbsided, and the bon} landmarks xx ere normal in position and pamless to palpation He had 

motion of the left shoulder jomt 




News Notes 


The American Orthopaedic Association will hold its Annual Meeting at Virginia Beach, Virginia 
Maj 23, 24, 25, and 26, 1950 


The Seventeenth Annual Meeting of The American Academy of Orthopaedic Surgeons mil be held 
in Nev York Citj^, Februarj’^ 11-16, 1950, mth headquarters at the Waldorf-Astoria 


The Seventy-seventh Annual Meeting of the American Public Health Association mil be held in 
Xev York City, October 24-28 Meetings of related organizations will take place concurrently The Hotel' 
Statler and Nen Yorker are joint headquarters 


“kchienng Goals for the Handicapped” mil be the theme of the Annual Convention of the National 
Societ 3 for Crippled Children and Adults, to be held November 7, 8, 9, and 10, at the Hotel Com 
modore m Nen Yoik 


Alpha Chi Omega, national v omen’s sorority, has voted an additional grant of 810,000 to the 
National Society for Crippled Children and Adults, to continue a jointlj' sponsored scholarship program 
lor ti lining much needed professional personnel to work mth the cerebral palsied The 810,000, in addition 
to '^Id 000 alreadj' granted, mil aid greatly in carrying the program through the ne\t two years 

''iini the first awards were made in 1948, more than tw'enty-five scholarship grants have been pronded 
to qualifir (1 phj'sicians, phj'-sical therapists, and other specialists When they have completed their scholarship 
stud\ tlic'i. professional workers assist the National Society’s 2,000 state and local units throughout the 
United lies Hawaii, and Alaska, as well as other public and private agencies, in providing increased sen 
ices for in li\ iduals with cerebral pals}^ 


On Ju’\ 6, 1949, a Testimomal Dinner w’as given to Dr Leo Mayer, President of the Federation o t J 
Handicapped, in honor of his sixty-fifth birthday, by' his grateful friends and patients w'ho have estab is 
the Dr Leo Mayer Endowment Fund to perpetuate his work through the Federation, in establishing an 
institution wheie the handicapped are employed in a w'ork-trammg program, are paid a wage, an pro 
merchandise w hich is sold nation-w ide The Federation is a rehabilitation agency w here professional 
IS given and physical therap^ practised under actual workmg conditions Jobs are found for those " 
made readv for them Socially', regular entertainments, educational lectures, hobby clubs, an 
conducted In a w ord, the Federation provides a complete and thoroughly up-to-date rehabilitation pr g 
Dr May'er has for the past five y'ears served as President of the Federation 


The National Council of the Kappa Delta Sorority has inaugurated a prize of one m 

to be given annually by The American Academy of Orthopaedic Surgeons, for t e e^^ br 
orthopaedic surgery', performed during the y'ear by' an individual in the United States e 
the y'ear 1949, w ill be announced at the Seventeenth Annual Meeting of the Academy m i 

ary 11, 1950 Those w ishing to compete for this prize may secure further information rom 

the Aw ard Committee for 1949, Dr Walter Stuck, 1426 Ni\ Pi ofessional Building, an n 


LETTER TO THE EDITOR ^ obtainis' 

Orthopaedic surgeons who have bone banks available realize the tremendous progisc 

suitable fresh cadaver material To obtain the consent for this, one must carry' ou an ® ^ jjanK- 

A plan has been w ell w orked out at a national level by the ophthalmologists in se ^m^^ inestimable 'sb 
In many' w ay s the cooperation of the institutions having bone banks may could be 

An explanatory' pamphlet could be published and distributed A uniform consen 
Developments of technique could be shared Walter P Bloani, V D 
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Essentials of Orthopaedics Pluhp Wiles, M S (Lond ), PROS (Eng ), FACS London, J and A 
Churchill, Ltd , 42 shillings net, Philadelphia, The Blakiston Company, 1949 SIO 00 
In this outstanding volume of 475 pages, Mr Wiles has concisely and clearly explained the present-day 
concepts of “the phj'siological and pathological basis of orthopaedics” and then “application to diagnosis 
ind treatment” 

The book offers the gradu itc w ho is enteiing upon his surgical training, the undergraduate who requires 
classified information, and the general practitioner a rcadj' means of finding himself in the vast field of 
orthopaedic surgery and of proceeding with his woik with assurance that he has a sound foundation upon 
which to build To teachers of orthopaedics the book w ill be invaluable More than these, the mature surgeon 
mai find in the Essentials much that wall enable him to revise and broaden his viewpoint 

Logicallj , the first chapter is devoted to general considerations of the mechanics underlying the func- 
tions of the weight-bearing joints The effects of postural and mechanical faults are stressed, and the im- 
portance of strain is thus emphasized at the outset In the ensuing chapters the arrangement is regional to 
assist the student w ith diagnosis and to meet his need for information on pathology and treatment, classified 
manordeilj manner Treatment requiring less highlj specialized knowledge is described in detail, operative 
and other methods are given only in general terms The importance of the patient’s cooperation is stressed 
throughout, and prognosis is discussed Separate chapters aie devoted to “Pyogenic Infection”, “Tubercu- 
losis”, "Chrome Arthritis”, “Tumours of Bone”, “Diseases and Congenital Defects of Bone”, and “Dis- 
eases of the Nervous System” 

ItTiile the essentials have been presented largely from the British view point, the author has drawn freely 
from practices in other countries This is especially true of American methods, from which he seems to have, 
m most instances, selected the best 

The book reflects the high standards maintained in British publishing The author’s presentation of the 
subject IS thorough-going, but always concise and practical The book in every way fulfills its high purpose 
and should long enjoi wade acceptance The excellent illustrations include seven color plates and 365 text 
figures 


Instructional Course Lectures The American Academy of Orthopaedic Surgeons AValter P Blount, 
M D , Editor Ann Arbor, Michigan, J W Edwards, 1949 S7 50 

This volume of lectures, given in the Instructional Courses of The American Academy of Orthopaedic 
urgeons in 1948, is the fifth in a series begun in 1943 The courses are primanly “refresher”, yet the reader 
0 the Lectures wall find he is kept abreast of the newer developments m the specialty in the wide range 
0 subjects presented Emphasis is placed on the practical The subjects covered are those which the Pro- 
gram Committee found to be in greatest demand 

The book is composed of fourteen chapters, each containing one or more carefully edited and compre- 
ensive lectures on the following subjects “Vascular Tumors of Bone”, “Vascular Phenomena”, “Plastic 
jn Hand Surgery”, “Internal Fixation of Fractures”, “Surgical Tuberculosis in Children”, “Acute In- 
schous Hematogenous Osteom 3 mhtis”, “Painful Hips m Children”, “Practical Foot Problems”, “Treat- 
ment of Congenital Club Feet”, “Surgical Approaches” (to the upper and lower extremities), “Muscle 
jsiology”, “The Surgical Treatment of Poliomyelitis”, “Scoliosis”, and “Low Back Pain” 
gcons ^ preceding jmars of the Courses, the 1948 faculty is composed of a distinguished group of sur- 
Med\t"^° excellently presented their subjects The volume is well edited and prepared, for which great 

and ' Blount The illustrations are profuse and, in general, of good quality Students, teachers, 

practitioners of orthopaedic surgery wall find the 1948 Lectures of great value 
hie for volumes of the Lectures were edited by Dr JEM Thomson, who was so largely responsi- 

that ^ ^ 'nception and successful development of the Instructional Courses These volumes reflect much 

Iircc H *ri the development of the art and practice of American orthopaedic surgery durmg the 

^ ^ years The first two volumes are in large part directed toward the problems of avar-mjury and 

q[ (, J'’® surgery , the third and fourth, which are complementarj'^, deal with civilian surgery Copies 

e e 1 0 umes are also available for those w ho wish to own the complete set 


Glands AND Metabolic Bone Disease Selected Studies Fuller Albright, A B , M D , 
1948 S^OO^ ^ Reifenstein, Jr,AB,MD,PACP Baltimore, The Williams and Wilkins Company, 

'^fal studies on calcium metabolism, carried out on the Metabolic Ward of the Massachusetts Gen- 

ii uring a penod of twent 3 ’'-four 3 '^ears by man 3 ’’ different investigators, form the basis of the 
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matenal presented b^ Dr Albright and Dr Reifenstein in their outstanding contribution The ad\ inrc 
made bj the authors and bj those associates, past and present, upon v hose studies the} have drawn, are pre- 
sented m a readable st\ le, of sufficient clant\ so that the book \\ ill be useful to students, } et on the ba^ic of 
such experience as to make it x aluable to phj sicians, particularly those interested in orthopaedic problem' 
The text is amplified b\ man} case reports and b}’’ excellent photogranhs, charts, and reproduction' of 
roentgenograms, illustratn e of the conditions under consideration 

In addition to chapters on the parathj roid glands, hj poparath 3 Toidism, and hj perparathyroidi'm, then 
IS discussion of metabolic bone diseases, osteoporosis, osteomalacia, pol} ostotic fibrous dysplasia, and Paget'' 
disease 

The authors state in their Preface “ \\ e are not content merelj to piesent data, i\e attcmiit, whei 

possible, to de\ elop an ha pothesis upon v Inch to hang the observations The hypotheses — it almost follow 
— are subject to change vathout notice ” Thus not only does the reader have a presentation based iipo 
vork of exceptional value, but he is given the mental stimulation of an approach vhich invites iiiterc' 
m an e\ er-broadenmg field 


SuRGLRT OF THE HA.^D Ed 2 Sterlmg Bunnell, M D Philadelphia, J B Lippmcott Companj , 1949 ‘'lliOt 
Surgery of the Hand, published in 1944, received high praise as a book of outstanding value Dr BunncI 
has now rexnsed and rev ntten this book, incorporating his expenence during the past five years 

Changes have been made m man}’- chapters The author has developed many ingenious splints, and the' 
are mcluded m the section under “Active Splinting” New sections have been added in the chapters “Skii 
and Flexion Contractures”, “Bones”, and “Jomts” A new section on “Occupational Therapy for Cripplci 
Hands” has been mcluded 

Hovever, the greatest changes in the nev edition are in Part Three, m the chapters on “Injurie 
of the Hand”, and “Infections of the Hand” The many developments m the field of reconstructive surgen 
of the hand are reflected m this nev book 

4s Consultant in Hand Surgery to the Surgeon General of the Umted States Army, Dr Bunnell " t 
closeh m touch -with the Hand Service m each of nme Army General Hospitals Through these vanoii 
Hospitals, he had opportumt} to watch the reconstruction of about 20,000 hands The expenence in thc'c 
4rm} Hospitals is shared vath the readers of this new edition through the conclusions which he has reached 
as to the procedures to be folloved in the tieatment of injured hands His definite connctions as to tlic 
methods of choice in various conditions are presented from the point of view of a teacher vho has had unusual 
experiences vhich he wishes to share vath his students and those who have had fewer opportunities to perfect 
themselves m this field of surgery 

As the interest m surger} of the hand has increased m the last few } ears, particularly through the for 
matron of the 4mencan Societ} for Surger} of the Hand, of v hich Dr Bunnell v as the first President, mam 
surgeons hax e been called upon to treat hand injuries 

Dr Bunnell’s book will prove a valuable reference to all surgeons confronted vith hand con ition , 
in the treatment of vhich so great care in the selection of the best procedure is required 

The book is attractive!} presented, the illustrations are excellent It is a book vhich most surgeon 
V ill vash to own 


Fuss UOT Beix Ihre Erkrxnkungen und deren Behandeung (Affections of the Foot and Leg and I 
Treatment) 4 Auflage Prof Georg Hohmann Munchen, J F Bergmann, 1948 veu'ul 

This new edition of the well-known text by Professor Hohmann -will be welcomed by those v o a 
earlier editions, as well as by those who have only mdirectly known its v orth followed, 

The first edition of this book appeared in 1923, and this, as v ell as the tv o editions v ic 
V ere dedicated b} the author to his teacher in orthopaedic surger}’, Geheimrat Fritz Lange ecogni^^ 
importance of his instruction m the natural sciences, in languages, and in other subjects dedicated 

profession, as well as the contribution of other branches of medicine to his special field, c as 
this fourth edition to his teachers, among vhom Fntz Lange holds first place vanou 

Beginning -with the form, structure, and function of the normal foot, the author ta es etiolo?'’ 
de-viations from the normal, — congenital and acquired deformities of the lower their diag 

prevention, and treatment, as well as diseases affecting the joints, nerves, muscles, an o 
nosis and treatment, and their possible effect on the function of the extremity Trauma is 
especially mjuries received m sports helnful totho'c"!-'’ 

The excellent bibhograph} , classified under the different affections discusse , v i to article 

wish to locate the earlier references to these vanous conditions It contams on } a Bnti'h ard 

appearmg durmg the War, and ob-viously vas prepared before the author ha acce- 

Amencan literature of the past ten x ears „Hitinns The number of i 

This book contains more than tvace the number of text pages of the ear i 
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lustntions h is been inci cised to 150 uul thej u e inoi e Uti ictively pi eseiited than m the pi cvious editions 
Both nuthor and publisliei aic to be coiigi itui itcd u|)oii this icvisioii, made at a time w hen its piepar ition 
must have been attended \i ith gre it difliculties 


British Surgic\l Practice Volume 5 Edited by Sn Einest Rock Carhng, FRCS, FRCP, and J 
Paterson Ross, M S , F R C S London, Buttenvorth and Company, Ltd , 60 shillings (25 pounds foi 
the set), St Louis, C V hlosbj Company, lO'lS S15 00 (S125 00 for the set) 

The Editors of British Surgical Practice, n ho have been leleasing units of this eight-volume set at intei- 
\als since the first number ippe ired, late in 1047, h ive now completed Volume 5 Proceeding w ith the estab- 
lished alphabetical arrangement, this w oi k begins w it h Hodgkin’s disease and concludes w ith ly mphogi anu- 
loma inguinale In this portion of the ilph ibct aie cont lined mateiial on injuries and many sections dealing 
Hath joint disorders, including caisson disease, acute infections of the j oints, internal derangements of the knee 
joint, and joint tuberculosis Thus the jiicsciit volume is of special interest to orthopaedic surgeons 

Each volume m the series follow s the same general pattern so that, for most conditions, the etiology, 
anatom}, pathological findings, clime il picture, differential diagnosis, tieatment, results, and prognosis 
are presented Each section has been carefull} prepared by an authoritative workei in the field, and the 
senes is living up to its earl} promise of being a valuable aid to the surgeon 


Hospital Treots and Dei elopments, 1940 to 1946 Edited by Aithui C Bachmeyei, M D , and Gerhard 
Hartman, Ph D New York, The Commonwealth Fund, 1948 $5 50 

This book IS a composite reflection of numerous writers in the hospital and public-health field, given 
cohesion and form by arrangement according to the various phases of an administrator’s activities and 
interests (Incidentally, mention of hospitals and public health together is itself an expression of one trend ) 
The authors’ pnncipal problems were to decide what the tieiids and noteworthy developments were and to 
select the articles in w hich they are set forth most clearly Presumably they also exercised the editorial blue 
pencil here and there, but so skillfully that the marks do not show 

They have done their work well This could have been anticipated, as Dr Bachmeyer is dean of the 
hospital administrators in the Chicago region, w hilo Dr Hartman is developing his skill as an admmistrator 
upon a background of several years of educational activity as Secretary of the American College of Hospital 
Admmistrators 


Just what mterest bone and jomt surgeons wall take in a book of tlus character is not clear, except that 
they all need hospitals in w hich to operate There may be a few , however, who would like to get some of the 
background of today’s most argued medical question as it applies to hospitals This comes m the first part 
of the book The rest wall probably be attractive mostly to hospital admmistrators, for whom the book was 
really intended Students of this specialty will find it inteiestmg and instructive, a good adjunct to their 
Mminars and field trips Practitioners are likely to find some of the articles familiar, but they are worth read- 
rug again There is a chance of discoveimg some thmgs not seen before, as the authors have gleaned beyond 
c field ordmanly reaped by a reader of stnctly hospital publications 
As the title suggests, this is, for the most part, a series of explanations, discussions, and advice, rather 
an the sort of detailed direction for setting up departments and putting them into operation which made 
r MacEachern’s textbook so useful How^ever, most of the things a hospital admmistrator does and thinks 
out in his multiple role of architect, accountant, attorney, clergyman, credit expert, econormst, educator, 
cn^eer, laundr}anan, publicist, restauranteur, crystal gazer, and sometimes physician, are represented by 
ut least one article 


As samples, take this reviewer’s favorite exposition of the proper duties and the value of a medical 
a -service department, the discussion of work suitable for nurse aides, and the late Dr Joe Clemmons’ 
ount of how he saved the Roosevelt Hospital a lot of money by doing over his laundry wath new ma- 
array of writers exhibit many styles with only the fictional narrative form missing, but each 
cm has treated his subject with the care that only personal mterest in it could produce 
eacl h should not be read rapidly He who takes it a little at a time, stoppmg to digest 

* ite before taking the next, will find himself nourished and sustamed 


u 1 ASSAGE AND MANIPULATION ILLUSTRATED Ed 3 James Cypiax, M D , B Ch (Cantab ) London, 
Th''^L^ ®^uimlton’ Ltd , 17 shillmgs, 6 pence, New Y'ork, Paul B Hoeber, Inc , 1948 85 00 
file 1 written to instruct student and graduate physical therapists in the techmque of massage 

"fibro^^^ massage described is considered more or less specific for the condition commonly known as 
Tif 4 show the position of the patient and of the therapist’s hands for each area of the 

c escnption accompanymg each plate serves as a detailed prescnption for the technician 
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Most phj sutnsts in this coimtrj noulcl doubtless emphasize the combmed use of other agents in their 
prescnptions, such as heat in various forms and active e\ercise The amount of pressure, the range of nioie- 
nient, and the duration of the treatment are still onl3 approxmiately indicated, and are part of the art of 
jih\ sical therap3 Phj sicians should be interested m these methods of treatment and mil be intrigued b\ tlit 
good results almost uniforml3’^ reported Acceptance of the diagnosis of “6brom3 ositis” is essential foruti 
lization of these procedures 

Those familiar v ith the previous edition of this book mil find little change other than a few more photo- 
graphs, these are uniform^ of good quaht3'^, as is the t3^pe and paper 


Fn\CTURES \ND ORTHor\EDic SuRGERi FOR NuRSES AND MASSEUSES Ed 2 Arthur Nailoi, Cli M , iM B 
M Sc (Sheff ), F R C S (Eng ), F R C S (Edin ) Edinburgh, E and S Livingstone, Ltd , 17 shilling , 
6 pence, Baltimore, The Williams and Wilkms Compan3q 1948 S5 00 

This book of 296 pages, divided mto fourteen short chapters, is intended to introduce nurses and nii 
senses to the more common fractures and orthopaedic conditions It is brief and concise, and contains man 
illustrations of apparatus, instruments, techmques, and clmical cases w'hich w ould be helpful for studoni 
and nurses 

This publication, how ever, does not differ from the man3’^ small textbooks on fractures and ortliopacdi 
conditions which have preceded it As its readers mil be chiefl3 nurses and masseuses, the approach t 
fractures and orthopaedic problems is presented from their pomt of view^ However, the book could lm\ 
been made more useful to nurses b3^ placmg more emphasis upon specific problems of nursing care, and I 
m asseuses b3’' more detailed mstruction in the problem of rehabilitation as related to each type of injun 
''pace IS allotted for this, but it seems madequate for a book of its type 

The reader wall receive a general, but limited, review of the recognition and treatment of orthopaedi 
1 onditions and fractures 


Fin Results of Osteosynthesis of Fractures of the Femoral Neck ad Modum Sven Johansson 
A Study of a Ten-Year Material Gunnar Oden Acta Chirurgica Scandinavica, 96 Supplementun 
131, 1947 

The author anal3"2es the results of treatment of 314 fractures of the upper portion of the femur, u'lnj 
1 cannula ted Simth-Petersen nad, mserted as fixation with roentgenographic control This group compn'O; 
59 per cent of all upper femoral fractures treated at the Sahlgren Hospital, Gothenburg, from 1932 to 19-11 
The3 repiesent a thorough remvestigation of the results obtained b3'' Sven Johansson 

The 314 fractures of the femoral neck were distributed as follows 248 varus fractures, 44 valgus frac 


tures, 18 lutei trochanteric fractures, and 4 pertrochanteric fractures 

Traction, with the affected leg m external rotation and extension, ivas used for about a week before oj^ 
eration Local anaesthesia with ether was used generally and, m most cases, reduction was achieve ' 
simple mternal rotation just before fixation YTien difficulty of reduction was encountered, ordinarj trac ion 
was resumed for a week or so, and repeated attempts at manipulative reductions w'ere avoided There was i 
mortaht3 of 8 per cent 

IMost of the patients w ere kept m bed for four weeks after operation Redislocation after reductioi 
curred in 66 of the 314 cases A follow-up study of the whole group was not possible, but, from s s 
those cases available, the author mferred that valgus fractures heal easib’’, and that, among varus ra 
those fixed m valgus are least likely to lose position, and those fixed in varus are most likelj to lose P°®' ^ ^ 
Oden felt that, m addition to the circumstance of position of fixation, technical not 

erative procedure w ere most important m produemg loss of position, and that early w eightr ea t 
the cause of loss of position position 

Re-nailmg was done m thirt3^-eight cases Of those available for follow-up, non-union, ° ^.pni 
and head necrosis were much more frequent than m the entire group Bone-grafting wit re-nai 
ployed onl3 twice, and each time unsuccessfully , after nail- 

Of the whole group, 144 neck fractures were submitted to re-examination at leas 20 

ing Sevent} per cent were considered to have had good results, 10 per cent w ere ess go > 
cent were bad 


f as -1 ner cent , wath jom 

Pseudarthrosis occurred m 10 8 per cent Some head necrosis was present in p end^'n 

deformity m mne out of ten of these, 24 7 per cent had neck resorption Slipping 0 

in 44 per cent r hnH results was a 

The author considered that necrosis of the head, the most frequent cause o cIurwR tf-' 

phenomenon not mfluenced b3' the presence of a metal nail Swedish stam ess s e 
latter five years of the period, w ere non-corrosive and satisfactonl3" strong often dinuni-'' 

TEn nUor.— n+ir..! n -JO morio tViaf oj TYin+y-ims from arthrosis followmg ea 




The observation was made that svmptoms from arthrosis 
greatly after two or three 3 ears 
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\rFEGTio\b J^EDICvL^s IT cHiuunaiCAn b DU I’ll D Raphael IMassart Pans, G Doin et C‘°, 1948 470 
francs 

The author’s mtoiitioii to give i simple clesciiption of lesions of the foot, mainl}’ foi gener il piactitioneis, 
isnell accomplished iii this 150-pnge book with foitj’-foui diawings Each of its thiiteen chapters contains i 
complete and vivid descuption of foot conditions 

The author should particuhrlj’ be commended foi allotting considerable space to “minor”, but impor- 
tant, foot problems, such as corns and phntir warts His painstaking description of the corn, however, 
tails to bimg out the importance of the bony prominence super ticial to which the com usually is formed 
Consequent!}’, snioothening of the bone bj’ lemovnl of these jiiominences with primary closure of the w’ound 
nould seem to be prefer ible to the incision ovci the coi n dow n to the bone w Inch he leaves open to gianulate 
Calcaneal spurs ire blamed foi symptoms m ]> iinful heel, although the luthor admits the existence of 
painful heel due to some “mjstciious cause” without tlic inesence of spui His emphasis upon the lemoval 
of spurs may be somewhat too i idic il, is the ni ijoritj of these cases aie relieved by p idding and plates 
Intermittent claudication, one of the most impoilant diagnostic featuies of arteiial occlusion, is not 
mentioned He speaks onlj of gangrene of three tjpes (1) cndaitentis scleiotica, (2) thiombo-angiitis ob- 
literans, and (3) diabetic endarteritis, without stating that in the majority of these cases the couise is quite 
benign without even the foimation of an ulceration 

Congenital division and fractuie of the sesanioids of the big toe aie not diffeientiated, and lemoval of 
the sesamoids advocated by the author niaj be avoided in most cases 

The author is justly opposed to the Hueter-Mayo operation for hallux valgus, as it deprives the foot of 
its important medial w eightrboanng point He advocates Hohman’s type of wedge resection of the first 
metatarsal neck, combmed with passing a strip of fascia lata suriounding in garter-like fashion the metatarsal 
necks This operation he performs in tw o stages 

Sundar passing of the fascia lata or a kangaroo tendon around the metatarsal necks is advised as the best 
procedure for treatment of Morton’s type of neuralgia The existence of plantar neuroma, described by 
American authors, is mentioned simply in a footnote 

Club-foot is held to be a consequence of a vicious position in the uterus Gradual manipulation without 
anaesthesia, or redressenient ford wath anaesthesia, both follow ed by immobilization, have given the author 
good results He obviously has no know ledge of ICite’s method, and mentions Denis Browne splints only m 
a footnote 


A good morphological description of different forms of flat-foot is given, but no theories as to its etiology 
are offered Corrective plaster casts oi manipulation under anaesthesia are used, followed by immobilization 
m plaster, together wnth general treatment (calcium phosphate, arsemc, and hypophyseal extract) AVhit- 
man s type of plates are advised Among many operative procedures for flat-foot, the authoi obtains the best 
results by sunply resecting the head of the talus 

In tuberculosis of the talus, early and complete astragalectomy, before the formation of sinuses, is 
strongly advocated Tuberculosis of the tarsal bones may be treated conservatively in children, most adults 
eventually require amputation 

The author has been unable to confirm the good lesults published in America following fusion of the 
ankle, with the use of tibial grafts, and is opposed to this method 

chapter, on amputations of the foot, Ricard’s operation, consisting of disarticulation through 
e unopart Ime combined with astragalectomy, is preferred to the Syme amputation as it preserves the 
'veight-bearmgheel 

On the whole, the book is brief and comprehensive It reflects a wide and well-digested experience on the 

par of the author, and should form a significant addition to the libranes of French-speaking general prac- 
titioners 


CuxTCAL Aspects and Treatment of Surgical Infections Frank Lamont Meleney, M D Philadelphia, 
'' B Saunders Company, 1949 $12 00 

earl ^ fitting companion-piece to the author’s Treatise on Surgical Infections, published m 1948 The 
'’cdi a dealt w ith the fundamental principles underlymg the entrance and spread of bacteria m the 
peal' niechamsm of defenses of the bodj’ agamst infection The present volume deals with the sur- 

The measures which may be utilized to control infection 

(jj ^ eighteen chapters are arranged to cover infections of every anatomical area, and are illustrated 
There ''vell-wntten case reports from the records of the Columbia-Presbytenan hledical Center 
Dr^^xr well-chosen illustrations An excellent bibliography follows each chapter 
"■ood ha^ ^ enlisted the aid of his formei residents to cover certam subjects Thus John S Lock- 

hascont^lT*^*^^^^ chapter on “Physiological Consideration m Surgical Infection”, Harold D Harvey 

'n War W on “Surgical Infection of the Peritoneum”, and a chapter on 

The divided between Alfred B Longacre and William B Sandusky 

^'^^niphfied covers both the period before the advent of the sulf i ■ 

Cl e account of the usefulness of penicillin, streptomycm, is 
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pmte, ‘ind the course of an infection is compared bj means of case reports as it occurred -nith eicli mctlii»| 
of treitment 

This volume contams the latest information on surgical infections, and mil probablj remain authoriti 
tn e for an indefinite penod of time, subject to newer forms of therapj^ No surgeon, general practitioner or 
medical hbrari can afford to be mthout it 


M\L\mFb DU sQUELETTE (Diseases of the Skeleton) Lucien Legei, R Ducroquet, et Henrj Leger Pm 
Masson et C'®, 1949 1,200 francs 

The title of the book maj" suggest a treatise on diseases of the skeleton in general, hovcver, the text 
ictualh consists of a few of the important, but less known, entities affecting the skeleton Albright’s s\n 
drome and affections nhich maj be classified in this gioup, isolated \anthomatoses, lipoid granuloma nitli 
out cranio-hx pophx seal mvolvement, eosinophilic granuloma of bone, osseous lesions of von Reckhnglnu 
sen’s neurofibiomatosis, melorheostosis. Milkman’s disease, essential osteolysis, and mjeloma are the “siilt- 
jects of this book 

The choice of these pathological entities w as not accidental Although some of them are obvioush not 
mteiielated, others have doubtless a common anatomicopathological basis Thus, alongside the sj mpfoniatic 
group of Hand-Schuller-Christian diseases may be placed the xanthomatoses Albright’s syndrome niai, 
perhaps, be found related to a senes of osseous mvolvements associated xx ith cutaneous dyschromia, present 
mg a transition to the bone manifestation of von Recklmghausen’s neurofibiomatosis 

The organization of the book is excellent, it is replete xvith useful mformation, man}^ illustration', and 
folloxx ed-up case histones, and represents a complete, lucid, and live anal3mis and description of these patho- 
logical conditions It has extensive bibliographical references 

The orthopaedic surgeon x\ ho reads French will find it a valuable addition to his librarj 


SuRuxcE \NT3 Radiological Anatomy FOR Students AND General Practitioners Ed 3 A B Appleton, 
M A , M D (Cantab ) , W J Hamilton, M D , D Sc , F R S E , and G Simon, M D , B Ch , D M R I 
(Cantab ) Cambridge, England, W Heffei and Sons, Ltd , Baltimoi e. The Williams and Wilhms Com 
pan} , 1949 S9 00 

In this, the third edition of Surface and Radiological Anatomg, the text has been revised and non plati*' 
have been introduced to brmg the xxork up to date The authors have added the roentgenographic approaeh 
to the usual study of anatomy By extensive use of illustrations, they have coordinated loentgenogriphic 
anatomy xxath those features xxhich can be determmed by external exammation, as xxell as xxitli tlic dotai 
XX inch can be determined only by dissection Proper emphasis is placed upon individual, anatomical, func 
tional, and postural variations xx hich alter the position of organs in relation to surface and other landraar 
Thus an excellent contrast is obtamed betxx een the Imng subject and the cadavei 

The text is xxell arianged and the t}pe is xxell chosen The first section deals xxath “Gcneril^ tnatom' 
and Methods” Subsequent sections aie devoted to “The Upper Limb”, "The Chest and Back , Die- 
men”, “Head and Neck”, “The Veitebral Column”, and “The Loxxei Limb” The Appendix contain 
tables xxath data on ossification and on segmental innervation of muscles A fairly complete index is inc u 
The text includes brief sketches of bones, muscles, jomts, nerves, vessels, and oigan-structure re a 
ship and action, xxath coi relation of supeificial and roentgenographic landmarks Interesting technique 
mterpreted, and so are hints of occasional pathological processes, to add interest tnmifjl 

The illustrations consist of photographs of live models, frequently coupled xxath a schematic ana 
dissection or xxath superimposed diagrams The descriptive captions are excellent The termino 
fied and is that m common usage The roentgenograms (the authors prefer the term skiagram) 
demonstratmg the positions and structures under discussion The jomt studies aie excellent, anc 
lated xxath the text through a description of muscle action Most of the osteology is presente i} 
genographic method, and includes reference to and illustrations of bone and joint deve introdua- 

matic action is demonstrated, as are the organs which can be outlmed by contrast me la 
under smtable headmgs, examples of mteresting roentgenographic techniques, such as ^°™°5giQ„rapl0 r 
raphy, bronchography xx ith studies of the bronchial and lung dmsions, myelography, encep i 

angiography, as well as the more common roentgenographic diagnostic procedures Prictidonif 

) The authors seem a little modest in designating this book “For Students an 
Its concise and systematic fashion of presentation makes for easy reference In the 330 pages 
mass of related mformation xx hich could be put to use by most physicians 
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CONFERENCE ON POST-GRADUATE EDUCATION 
IN ORTHOPAEDIC SURGERY* 

INTRODUCTORY REMARKS 
Hi A R SiiAXDs, III, M D, ^\IIM^Noro^r, Dei awake, Chanman 

Alfred I (hi Pont Jnshlitlt of llit Atiiioiirs Foundahon 

In 1944, The Aineiican Aculem} of Oi Ihopaetlic Siiigcoiis and The American Orthopaedic Association 
appointed a sivman Joint Comiiiiticc on Post-Gi iduatc riaining, with Di Ralph K Ghormley as Chair- 
man (Members representing The Ameiitan Acadenn of Orthopaedic Surgeons are Joseph S Barr, M D , 
Ralph K Ghormlev, hi D , and J Sponcei Speed, M D Mcmbeis lepiesentmg The American Orthopaedic 
Association are Fremont A Chandlei, M D , Paul C Colonna, M D , and Philip D Wilson, M D ) In 1946, 
I nas added to the Comnuttee as a seventh membei and was made its Serretarj The first objective of 
this Committee was to incicase the facilities for oithopacdic training, in older to provide for the medical 
rateran desinng to become a qualified orthopaedic siiigeon This was accomplished by reviewing the ap- 
proved training services in the United States, asking that as many of these as possible increase the number of 
residents, and recommending the establishment of new training services m hospitals and clinics wathout api- 
proved training, but wath the necessary facilities and staff 

In two 3 ears’ time the iiumbei of training services was increased from approMmately 79 to 238, and the 
number of residents from 253 to 72G The American Medical Association and The American Board of Ortho- 
paedic Surger} had previousl 3 ' agreed to grant temporary approval to all of the new services recommended 
for approval b} this Joint Committee In the fall of 1948, twent 3 -eight orthopaedie surgeons visited these 
238 services, review ed the training, and submitted reports Those reports resulted m the changing of the 
types of approval of approvimatel}' fift 3 '’ soi vices Following this review of orthopaedic training, it was de- 
cided that the next w ork of the Committee should be a confei once on the methods and types of post-graduate 
education The Conference today is the result of this decision 

The last report on residencies in the Journal of the Amertcan Afedtcal Ai’iocialton for May 14, 1949, lists 
2o7 hospitals with approved traimng in orthopaedic sargci}' These hospitals have 787 available orthopaedic 
residences, which are approved as follows for adult work, 195, foi children’s work, 110, for fractures, 110, 
and for basic s-ieoces, 110 

In toe san ey of 232 hosoital se'vices in 1947, nfor-nation w as obtained on the questionnaires (Question 
21) concerning tie resoonsibility of the orthopaedic service foi fractures, osteomyelitis, et cetera This in- 
formation, which has never been published, is thought to be most appropriate to present at this Meeting 
It IS as follows 

Question 21 Is the orthopaedic service responsible for 


1 Fresn fractures 

2 Acute osteomyelitis and pyogenic arthritis 

3 Soft tissue of extremities 
I Wnpheral-nerve injuries 
® Acute pohomyehtis 

® Amputations 
1 Surgery of the hand 


Wholly 

Partially 

198 (83 5%) 

35 

230 (91%) 

18 

135 (51%) 

98 

71 (31%) 

65 

109 (56 4%) 

31 

127 (54 3%) 

86 

116 (50%) 

86 


Not 

Total Answering 

at all 

Question 

13 

237 

5 

253 

29 

262 

93 

229 

53 

193 

21 

234 

31 

233 


skill objective of resident traming? It is to create an orthopaedic surgeon (1) who has surgical 

the IS, one w ho is good w ith his head as w ell as his hands, (2) w ho has a curiosity for 

Ills re ^ desire to improve the known , (3) w ho has an understanding for the patient as a whole and 

ortho ^ normal or as nearly normal living as possible, (4) w ho has a full appreciation of w here the 

>nhis^ A general scheme of medical practice, and (5) who wall develop into a leader 
IS the w If this type of orthopaedic specialist is created, the trammg is well done, and it 

nKinU °Dour Chairman that theie wall develop in the discussions this afternoon the formula for training 
Th^I m just this type of doctor 

an definitely no one best method of resident training, but there is undoubtedly a better method 

pattern method for every traimng service Out of this Conference it is hoped wall come an ' ■ 

i ^ e raining for each of the 257 approved hospital services At the Conference held last y - 

"Annual Meeting of The American Orthopaedic A ^ Colo, ' 

I > “my IS, 4949 
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dergraduate Educatlou, Dr F H Arestad of the Council on Medical Education and Hospitals of the Aincncw 

Medical Association stated that, while a model plan can be developed as a guide, “it should notbedculoiTd 
as a fully standardized plan, because you can never really standardize teaclung itself” We shall (n (lii 
afternoon to de\ elop the ideas for a model plan, but definitely with no thought of attempting to standmiiio 
this plan This model plan then can be used b 3 ' the hospitals and clinics as a guide, in order that (he cuik 
general pattern of traimng maj’’ be received by all orthopaedic residents 

Before callmg on the first speaker, the Chairman vnshes to express a word of appreciation to ourBoanl 
which has done so much for our present traming program This, through its past President, Dr Gin \ 
Caldwell, and its members, has stood for high standards of traming Requirements for training hnie bn a 
laid dovm, particularlj for the basic sciences, wluch may have seemed to some to be too strict and pcrlnji 
unnecessary, but there is no doubt that, although these requirements may have w orked a hardship on a few, 
thej' have resulted m the best orthopaedic trammg for the greatest number This cannot help but result in 
better orthopaedic practice throughout the nation, and in time to come wall create more solid giouml for 
orthopaedic surgeons to stand upon We all owe a debt of gratitude to our Board for what thej haie ic 
comphshed for the specialty, and I w ish to express to the Board particularly the thanks and appremlion n! 
the Post-Graduate Trammg Committee 

In the preparation of the program, an attempt has been made to have all direct and indirect phases of 
traimng presented We are to hear also from those representmg the Board, the Amencan College of Surgeon', 
and the American Medical Association It is legretted that time wull not permit everyone to speak u ho ha 
sometlung to add 


A PROGRAM FOR TRAINING IN ADULT ORTHOPAEDIC SURGERY AND FRACTUKES 

By Alan DeForbst Smth, M D , New' York, N Y 
A'^eio Fori Orthopaedic Hospital 

The title implies that the seivice is limited to adults, but it is preferable when possible to include cliil 
dren, m order that complete trammg maj' be given in one institution, wnthout sharply dividing the ca'c 
The organization of the service will depend upon a number of factors, one of w hich is the size of the ho'piHl 
If possible, it is pieferable to segregate the fracture cases in separate wards This facilitates their treatment 
and leads to better results The fact that they frequently are emergencies and that special equipment l 
necessary create special pioblems which set them somewhat apait from the usual orthopaedic case, ih'' 
does not mean that a separate fracture staff is necessary, for in fact it is better that the staff rotate m I r 
care of the tw'O groups 

The mimmum penod of trammg foi residents in oidei to satisfy the Board requirements is sl\ “ 
for fractures and one year for adult orthopaedic surgery, but those w ho wash to limit their training to a u 
are obliged to spend an additional j'ear on such a service instead of one year wath childi eii This is apt to ci ^ 
some complication m the organization of the residency At the New York Orthopaedic Hospital wc au ^ 
three-year program, which is set up as follows The first j'ear, the assistant resident is on an or 
service for both adults and children The second yeai, six months are devoted to the study of basic 
and SIX months to fractures We purposely have deferred the basic-science period until the 
because w e believe that there then wall be a better understandmg of w hat is needed and a better appm 
of the courses The third year is spent as a fellowship, dunng three months of which eac 
resident For the remamder of the year he works in the Out-Patient Chnic and m the opera mg r > 
attends rounds and conferences , ^onti 

Thus there are twelve men alwaj'S in traming, wath two completing their ofhra- 

Each man is assured of receivmg his minimum of thiee years of traimng without the onerc-i'I'''' 
dropped at the end of the first or second j'eai, as happens m the pyraimdal system, m jjjyje )3 offr d 

serves for a year or more Opportumtj' for continued training for those showing unusua jo tL 

in the form of a limited number of semor fellowships These fellowships also are of grea 
Hospital, m enabling it to obtain the services of men who have had a residenc}' m anot w 
wish to spend an additional year in this Clmic We find that the residents bnng wit mn 
and help to give us a broader pomt of view coherence-, 

Education m the resident stage is best carried out by piactical instruction a seemeil adri'al' , , 

meetmgs, and in the operating room and dime Some more formal mode of mstru^^^ 
however, and, after tiying various methods, we have decided upon a ° jj,ethodofq“f="^'^' 
ducted by vanous membeis of the staff These are informal and are earned ou ^ jonic 

and answers, rather than as didactic lectures The residents and fellow s are c 
preparation for them and to be prepared to enter intelligently into the iscussi 
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In addition to somewhat extensive instruction in pathology, given during the basic-science penod, 
pathological conferences are held wccklj During the second year, in addition to the study of the histology 
of bono tumors, the men attend a wcekb bone-tumor clinic at the Mcmoiial Hospital Regular conferences 
are held se\ eral dajs a week wnth the roentgenologist, at which the current films aie discussed Additional 
practical instruction in rocntgeiiologj is given during the basic-science period, and includes positioning of 
patients 

Dunng the first year the assistant residents attend the out-patient clinics as much as possible, but the 
major part of this experience is g lined during the third j cm, when thej arc not restricted as closely bj' ward 
rfe.pon'ibihfies We regard this as one of the most impoitant parts of the entne program, and feel that too 
much time cannot be spent in this phase of the w oi k In addit ion to the genei al clinics, there are special ones 
dealing with scoliosis, club-foot, arthritis, nourolog3, and back conditions Each man, by lotation, partici- 
pates m these special clinics at some period dunng his training 

Kacli man is icqinrcd dunng his threc-j'car period to can j out some clinical investigation or research 
project and to prepare a report, to be read at a staff meeting Biogiaphical sketches of important figures m 
the histor} of orthopaedic surgery are prepared b} the members of the resident staff, and usually one is 
read at each monthly staff meeting Some excellent papers have been wntten, which have been stimulating 
to semors and juniors alike 


THE IDEAL CURRICULUM IN CHILDREN’S ORTHOPAEDIC SURGERY 


By William T Green, M D , Boston, Massachusetts 
Children’s Hospital 


The essentials for a training program in children’s orthopaedic surgerj' are 

1 Sufficient diversified representative clmical matcnal, 

2 Capable orthopaedic surgeons in the children’s field to spend sufficient time in teaclung the men 
who are m training 

‘ The trainmg program must be adapted to local situations, so that an ideal curriculum is difficult to dis- 
cuss UTiat w ould be ideal in one situation w ould not be ideal in another How ever, certain comments may be 
made regardmg an ideal plan of training I w'ould not, by choice, call it a curriculum, which I do not believe 
graduate trammg should be 

In general, I believe that the best type of trammg represents an evolution from the apprentice system, 
in ivhich, m effect, the apprenticeship is to a hospital service wath all its attendant diversification rather 
'than to one individual Essentially, the mstitution should be centei ed about the problems as they anse on 
the service Ordinanly, the problems presented by the patients, singularly and in the aggregate, seive as the 
'Wos about which trainmg revolves Progressive responsibilities and experiences should be given the tiainee, 
he IS read}"^ to receive them Didactic lectures should be minimal, although, when judiciouslj used, tht3 
mi) ha\ e a place On the other hand, conferences and exercises m winch the trainees participate are valuable, 
snd form an essential part of any program 

Certain specific comments may be made under appropriate headings 


Hospital in the Training Program 

mus^ indicated, the first reqmrement is that the hospital engaged in the traimng program 

nave a sufficient number of patients, representing all t3qies of orthopaedic problems at all ages dunng 
period of growdh It should have large out-patient dimes, not onl3'- to give experience m the types of prob- 
Which are presented in such a clmic, but also to allow continued observation of patients who have been 
^ I in-patient division 

^ ^ orthopaedic service is best located m a hospital which is concerned with all types of 

' bauto*^ medical and surgical, although at all times the orthopaedic service must maintain 

It IS ^ relationship is valuable from the standpoint of consultation with the vanous services 

‘each advantage for the hospital to be a participant in undergraduate teaching and graduate 

a other ^ specialties By contact with all divisions, and in particular with the residents in trammg 
ih,„k ^ ®^®*^bes in pediatrics, the trainee develops a breath of approach to the problems of childhood 

might otherwise be missed 
Assignments and Rotation 

be oinplo3nng one resident is at a great disadvantage This can be compensated for m part by 

•mferredt^ ®'^mopaedic surgeon spendmg an inordmate amount of time wath each resident in turn It is 
0 nave at least two residents on a junior-senior relationship, both m time of service and expenence 
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dergraduate Educatlou, Dr F H Arestad of the Council on Medical Education and Hospitals of the Aincncw 

Medical Association stated that, while a model plan can be developed as a guide, “it should notbedculoiTd 
as a fully standardized plan, because you can never really standardize teaclung itself” We shall (n (hi 
afternoon to de\ elop the ideas for a model plan, but definitely with no thought of attempting to standirciiio 
this plan This model plan then can be used b3' the hospitals and clinics as a guide, in order that (he camf 
general pattern of traimng ma3’' be received by all orthopaedic residents 

Before callmg on the first speaker, the Chairman washes to evpress a word of appreciation to ourBoanl 
which has done so much for our present traming program This, through its past President, Dr Gin \ 
Caldwell, and its members, has stood for high standards of traming Requirements for traimng hnie bn a 
laid dovm, particularl3 for the basic sciences, wluch may have seemed to some to be too strict and pcrlnji 
unnecessary, but there is no doubt that, although these requirements may have w orked a hardship on a /oh 
the3' have resulted m the best orthopaedic trammg for the greatest number This cannot hdp but result in 
better orthopaedic practice throughout the nation, and in time to come wall create more solid giouml for 
orthopaedic surgeons to stand upon We all owe a debt of gratitude to our Board for what the} haio ic 
comphshed for the specialty, and I w ish to express to the Board particularly the thanks and appremlion nl 
the Post-Graduate Trammg Committee 

In the preparation of the program, an attempt has been made to have all direct and indirect phases of 
trammg presented We are to bear also from those represen tmg the Board, the Amencan College of Surgeon', 
and the Amencan Medical Association It is legretted that time wull not permit everyone to speak u ho ha 
sometlung to add 


A PROGRAM FOR TRAINING IN ADULT ORTHOPAEDIC SURGERY AND FRACTUKES 


By Alan DeForest S^aTH, M D , New York, N Y 
New York Orthopaedic Hospital 

The title implies that the seivice is limited to adults, but it is preferable when possible to include clul 
dren, m order that complete trammg ma3’’ be given in one institution, wuthout sharply dividing the ca'c 
The organization of the service will depend upon a number of factors, one of w hich is the size of the ho'piHl 
If possible, it IS pieferable to segregate the fracture cases in separate wards This facilitates their treatment 
and leads to better results The fact that they frequently are emergencies and that special equipment l 
necessary create special pioblems which set them somewhat apait from the usual orthopaedic case. Thi' 
does not mean that a separate fracture staff is necessary, for in fact it is better that the staff rotate m I <■ 
care of the two groups 

The mimmum period of trammg foi residents in oidei to satisfy the Board requirements is sl\ “ 
for fractures and one year for adult orthopaedic surgery, but those w ho wish to limit their training to a u 
are obliged to spend an additional 3'ear on such a service instead of one year with childi eii This is apt to na-t 
some complication m the organization of the residency At the New York Orthopaedic Hospital we an ® 
three-year program, which is set up as follows The first year, the assistant resident is on an ort lopa 
service for both adults and children The second yeai, six months are devoted to the study of basic scicm 
and SIX months to fractures We purposely have deferred the basic-science period until the secon 
because w e believe that there then wall be a better understandmg of w hat is needed and a better 
of the courses The third year is spent as a fellowship, dunng three months of which each ^ 
resident For the remamder of the year he works m the Out-Patient Chnic and m the operating r 
attends rounds and conferences 


V iriontl 

Thus there are twelve men alwa3rs in teaming, wuth two completing their service “ ofhea- 
Each man is assured of receivmg his minimum of thiee years of traimng without the 
dropped at the end of the first or second 3'eai, as happens in the pyraimdal system, m 'i ^ 
serves for a year or more Opportumt}’^ for continued training for those showing uniisua to tP 

in the form of a limited number of semor fellow'ships These fellowships also are of grea | vvlc 

Hospital, m enabling it to obtain the services of men who have had a residency m anot er j,pTidcA 

wish to spend an additional year in this Clmic We find that the residents bnng wit lam 
and help to give us a broader pomt of view /.gafereacc^, 

Education m the resident stage is best carried out by piactical instruction at seemeil ' - 
meetmgs, and in the operating room and dime Some more formal mode of instru^^^ cj 

however, and, after tr3nng various methods, we have decided upon a ° ® jj,ethod of 
ducted by vanous membeis of the staff These are informal and are earned ou T jojnc 

and answers, rather than as didactic lectures The residents and fellow s are 0 
preparation for them and to be prepared to enter intelligently into the iscussio 
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THE IDEAL CURRICULUM FOR BASIC-SCIENCE INSTRUCTION IN ORTHOPAEDIC SURGERY 

Gm A Calda\ ei l, M D , New Orleans, Louisiana 
7'ulanc University 


In the course of graduate training foi orthopaedic aurgci \ , review of those poi tions of the basic sciences 
nhich are related to orthopaedic suigery is of fundamental imiiortance A thorough knowledge of the anatomy, 
pathologj', and phJSlolog^’ of the musculoskeletal sj'stem is essential for a comprehensive diagnosis of the 
lesions encountered, and an equal understanding of bactcriologj and biochemisti j' is required for efficient 
tnalmcnt of the patient and his impaired function 

Ideally, this basic-science knowledge should be acquired with each new orthopaedic condition that is 
encountered It is a geiierallj accepted principle of medical teaching that, as the student leains to recognize 
the clinical picture of a lesion in a given patient, he wall retain this knowledge best if he immediately re- 
news the entire background of the problem picsentcd Such a review includes detailed examination of the 
anatom} of the parts involved, the pathological and histological alteiations commonly observed, and the 
phjsiological changes encountered If infection is piesent, oi if the metabolism is altered, the student should 
consult the medical literature and study the laboiatory techniques in bacteiiology and biochemistry, in 
order to direct measures of treatment intclligentl} 

In the ideal curiiculum, therefore, anatomical and pathological specimens should always be available 
for dissection, and free access should be had to consultants in physiolog} , bacteriology, and biochemistry, so 
that the student may discuss with them the pioblem in hand This would enable the student to see the com- 
plete picture of the lesion, and thus to undei stand moie intelligently the progress in treatment The impres- 
sion gained w ould then be indelible, and each similai problem encountered, with its minor variations, would be 
readil} associated with the first one and equall}' well retained 

Such an ideal plan requires 


1 A limited, but vaiied, number of patients with oithopaedic problems, 

2 Availability of anatomical and pathological material, adequate libraiy facilities, and competent 
instructors or consultants m physiolog}, bactenology, and biochemistry, 

3 SufiScieiit time free from routine hospital duties to enable the student to do the necessary dissections 
and other studies 


How ever ideal such a plan of instruction may be, it obviously is impiactical in view' of the obligations 
of a resident to the hospital and in the care of patients assigned to the orthopaedic service It is likewise 
impossible for graduate schools to provide instructors w ho can be available at all times to assist the student 
"ith problems in physiology' and biochemistry Ncvci theless, close integration of a broadei knowledge of 
the basic sciences with the clinical care of the patients should be the w orking principle 

Hospitals with orthopaedic services approved for three years of training, w hich ai e connected with 
medical schools, can most nearly approach this ideal plan of integrating the basic-science instruction with the 
''im^cal care of patients The medical school should have at least the potentialities for anatomical and 
pa ological specimens for dissection, there probably are adequate library facilities, and usually instructors 
mp ysiology, bacteriology', and biochemistry, who can be prevailed upon to assist m the solution of ortho- 
Pae ic problems How ever, the mere existence of such facilities and consultants w'lll not guarantee their 
accessibility to the student There must be an organized plan for the student to follow , an interest and sUmidns 
prompt him to seek the knowledge, and sufficient time for him to acqmie this fundamental background 
"ath ^ the trainee to follow should be formulated by the oi thopaedic staff in conferences 

basic sciences The interest and stimulus must be furnished by the staff, w ho, on w ard 
s, at conferences, and in the operating rooms, take every' oppoitunity to review the fundamental 
discussed The time to be allowed residents and fellows must be arranged by' agree- 
' hospital authorities, and must not be confined to evenings off duty' and holiday s 
ferencer biopsies and specimens removed at operation be repoited in detail at staff con- 

tuc for the surgeon to identify the anatomical structuies encountered m making an opera- 

c\po^u^™n*^^’ •^®*^°ristrate to his assistants the gross pathological changes revealed through this 

fcrcnces mentgenographic and laboratory' findings and discussion of the difficult cases m con- 

tumtiea khe basic knowledge of the graduate students However, if these are the only' oppor- 

entials'^At ^ phases of orthopaedic entities, the students will be woefully' lacking m many 

“ pHti should*^b^^* instruction gives them an incomplete picture of a few common conditions Therefore, 
'Indent wnll idopted w hich will cover all the conditions met in orthopaedic practice The graduate 
biocb^*^'^'^ anatomical dissections, pathological demonstrations, and seminars m bacten- 

fneonntereH pbysiology' to acquire the necessary' background for many' problems which are 

■^ineptabl large orthopaedic service 

i 'n^titutions for providing basic-science instiuction have been developed by' many' of the 

) an , although they vaiy considei ibly' as to distnbution of time and arrangements for giving 
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instruction, all of them embody the foregoing fundamental requirements They have a clearly defined pnv^ 
gram u hich seeks to cover the entire field , they have laboratory facilities and specimens available for dK oc 
tion, and thei promde instructors, either from the orthopaedic staff or basic-science teachers, or both tc 
conduct seminars and conferences, finall}', they schedule a defimte time in which the trainee raa\ do (hr 
work In some institutions, this phase of instruction is confined to one day a week thioughout (he three 
jear period of training In other cases, the greatei part of the first-year resident’s time is devoted to (In 
basic-science program In still other instances, an intensive piogram is arranged to cover a ponod of 'i\ 
months, during w hich time the resident has no regular hospital duties 

Poor and unacceptable basic-science traimng still prevails in far too many hospitals These hospitals 
generally fall into tw o groups In the first group the program provides time (approMmating si\ months) 
during w hich the trainee is released from other duties A schedule is outlmed whereby the trainee attends 
ciinicopathological and radiological conferences, spends certain hours m laboratories of anatomj and path 
ologjs, and attends lectures in physiology and biochemistry How'ever, investigation often reveals that the 
conferences contain little relating to orthopaedic surgery, the anatomy and pathology are but a general 
renew of material presented to undergraduate students by the preclmical faculty, and the lectures in 
phvsiology and biochemistry are routine, general ones given at the undergraduate level No selection of 
those parts of the basic sciences relating to orthopaedic surgery has been made by the orthopaedic staff, 
and the staff does not participate in the instruction Much that is given the tramee is far afield or completoh 
irrelevant, because the orthopaedic staff has dodged its responsibility 

The second group of poor programs in the basic sciences consists of those supposedlj' integrated with 
the clinical work, but actually containing little more than a few ci umbs of knowdedge dropped by the surgeon 
m the course of routme ward rounds, while operating, or dunng staff conferences The resident is advu'cd 
now' and then to "read up" on tlus or that, or to “run ovei to the dissecting room" and review this or 
that surgical exposure As the time for Board examinations approaches, the staff man urges the trainee to 
“get someone in the Department of Pathology to show you some bone-tumor slides” No organized, com 
prehensive plan has been evolved by the staff, sufficient time has not been set aside, and, by precept and 
example, the orthopaedic surgeons indicate that the fundamental background of basic-science knowledge is 
not particularly essential Their attitude is expressed in the remark sometimes heard "It is unnecessar) to 
spend so much time on basic-science studies, that knowledge will come to you as you go along with >oi!r 
clinical work ” Such an attitude on the part of the senior surgeons fails to impart the necessary interest and 
stimulus to the resident to make him seek the fundamental knowledge he sorely needs 

The ideal program of basic-science mstruction w'lll not be realized until staff members thenischea 
appreciate its value and importance enough to assist in formulatmg an orgamzed plan of instruction for t c 
residents, to help with the demonstrations and semmars, and to take every opportunity to discuss m 
clmical conferences the fundamental background of each new condition encountered Usually, assistance 
needed from full-time mstructors m the basic sciences, but the subjects covered by the instructors s lou f 
be carefully chosen and their application to orthopaedic surgery should be explained by an orthopa 
surgeon , 

As a means towaid better teaching of the basic sciences, medical centers should develop ort 
surgeons wath special interests and ability in one or another of the basic sciences When we ha\c 
men m each center qualified as orthopaedic surgeons or mterested m orthopaedic surgery one w o 
and teaches anatomy, as does Inman of the University of California, another who has leame pa o o 
bones and jomts, as did Bennett of the University of Illinois, and another who is thorough y amu ^ 
bactenology and wound infections, as is Meleney at Presbjdenan Hospital the basic sciences in ^ 
ideally To this end, future staff members who are now residents or young assistants ® ° ^ lo 

investigations in one or another of the basic-science fields There should be funds to prow ® 
subsidize their work Thus, in a few j'ears, each of these orthopaedic surgeons will have a 
ough knowledge of one of the basic subjects He w'lll contribute greatly to staff interest an can 
mstruction m that branch to the residents 

In conclusion, the ideal piogram for basic-science training should include 

1 A senior staff which appreciates the importance of this phase of training, 

2 An organized, comprehensive piogram prepared by the orthopaedic staff, wath assists 

science teachers, . pnp- 

3 A w orkiug schedule for residents, w hich will provide adequate free time for pers 

aration, and attendance at the scheduled conferences, demonstrations, an seminars, ^ 

4 A staff w'hich w'lll develop all the fundamental background of each new ^ ‘ ^pcidcnt' 

countered on ward rounds and in the operating room, and will thus arouse the interest 

thorough basic-science training, nvide oart-time salanw 

5 Hospital and medical-school administrators who will secure fun s o pathologi, 

laboratory tobUes lor young stall men, so that they mil become mterested m 

ology, and biochemistr} 
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THE IDEAL CURRICULUM OF RESIDENT TRAINING IN A UNIVERSITY CLINIC 
Carl E Badglei, M D , Ann Arbor, Michigan 
Vnwcrstly of Michtgan 

I agree ^Mtlr 'll! that has httn said Now wo come to the problem of the curnculum m a University 
Clmic It seems to me that the pioblcni is simplj that in a University Clinic we are, in addition, teaching 
There is an opportunity, which Dr Caldwell Ins just suggested, of utilizing our University Centers for the 
purpose of acting as a mother center, and, thiough these, of developing an exchange service so that we may 
'end our men to other institutions for a jicriod of time for the purpose of having them acquire knowledge m 
a particular phase of our w ork We have had such an arrangement for several years with Dr Abbott at 
California and, more recently, wath Dr King at Stanford, we have also an exchange service with other hos- 
pitals In addition, it is possible to utilize the Univeisitj Centers for the teaching of the basic sciences to 
residents from outlying areas 

I agree with Dr Green that one of the greatest things m the training of orthopaedic residents is the 
relationship with the men on other services Wc need the broad knowledge that the men of the other services 
can unpart to our men R''e are very much pleased that such has been the case in the University Hospital in 
Ann Arbor, where all the surgical departments are closely interrelated We do not regard ourselves as 
specialists particular!}' and, regaidless of the surgeon, each group requires the same amount of training, 
the men are all on an equal level and they have manj things which they can talk over There are so many 
interdigitations in the vanous types of w ork in orthopaedic surgery w hich require knowledge of neurosurgery, 
thoracic surgery, vascular surger}', and various other fields, that such a plan of trainmg, I believe, is abso- 
lutely essential 

It IS important to have close cooperation with the department of medicine Various problems ansmg in 
an orthopaedic department, such as thrombophlebitis, the fatigue 85mdrome, arthritis, gout, et cetera, need 
medical consultation 

Concerning pathology, I must jmy tribute to the Orthopaedic Board I think the Board has done a 
remarkable job in the stimulus it has given our residents to learn pathology There is no doubt that, since 
the Board initiated this requirement, our men have been much more interested m pathology Our depart- 
ments of pathology and of anatomy are now’ appreciative of the need that our men have for this training, 
and we are developing a relationship we never had before We have didactic teaching in pathology, which I 
think IS good How ever, the didactic teaching should not be on the level of one older pathologist to another, 
but should be on the level of the younger pathologist who is acquiring the knowledge which the older path- 
0 ogist possesses Lectures are given tw’ice a w eek by just such a pathologist, and it has been valuable to all 
el us We also have the daily examination of autopsy material 

Our relationship wath the Department of Pediatrics has been close and is most satisfactory Daily con- 
erences in roentgenology are extremely stimulating These related activities are all important m the de- 
'e opment of our specialty and in the training of our men 

In our department, embryology is now playmg an important role We have had a project on the develop- 
ment of fascia, with work which has progressed so that it is of basic value It has been done on foetal speci- 
mens at the University Hospital in our Surgical Department 

ncerning traimng in anatomy, merely the dissecting of the human body has never seemed to me to 
M A ^ must do far more than dissect a cadaver We allow' three full months m the Department 

are Tl anticipate that the resident wall work on a research problem The residents 

thatV purpose of teaching There is nothing more stimulating to the mdmdual than the fact 

' It 18 f ^ as to teach and at the same time has to know what he is teaching If he can have this opportumty, 

, oi,. I , simply dissectmg In addition, our men teach surgical anatomy, which is also of great 

, This IS taught m the third year 

Irmnin ^ responsibilities in the University Climc, of course, are minimal when these men are in 

Jepart^' utilize these residents to a considerable extent m the teachmg of nurses, m vanous other 

social service, in lehabilitation, and also m our out-patient clinics for the teachmg of 
men is to"* ^ f^ucbing of the sophomores in fractures I think the most important thing in the training of 
(heir best*^''^ Ibem a sense of responsibility It is the sense of responsibility that stimulates residents to do 

The 

'mportant^*'^^^^ have the stimulus of learmng to speak while standing on their feet, which is a very 
'^ecklj CO training The residents present their cases, completely worked up wath a full r 6 sum 6 , at 

' mornings This is entirely their responsibility Similarly, 

''anting a n conference at which they present their cases Having the individual responsibility of pre- 
a lent at conference makes it necessary for the resident to get the most out of the case 
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THE IDEAL CURRICULUM OF RESIDENT TRAINING IN A PRIVATE CLIMC 

By J S Speed, M D , Memphis, Teknessee 
The Campbell Clime 


The funJamental purpose of an orthopaedic resiJencv is to tram the joung surgeon foi the pru i(e prnc 
tice of orthopaedic surgerj The ideal training program is found m neither the stiictly chanti hospitil nn 
fhestricth private hospital and clinic, but is found w here evperience is obtained in both tj^pcs of institution' 
For the resident in the pnvate dime and hospital, it is desirable, if possible, to add c\periencc on a chant 
orthopaedic ser\ace, as iiell as in the allied specialties of plastic and neurological surgeij' It is, of coum 
preferable that the chanty services be directed bj the same staff which contiols the pnvhte clinic, so tin 
the direction and chaiacter of the m ork will be of a unifoi m quality Hom ever, if the chantj semce is dircctci 
In another staff, there \nll be a diversification of viewpoint, which is also of value 

B\ securing training in the private clinic, the resident can learn much of future value as regards th 
business side of medical practice, the practical aspects of handling patients, and the fundamental pnnciplc 
of planning treatment, which will conserve the patient’s finances and yet keep his welfare uppermost Th 
t\pe of patient seen in a private clinic and the diagnostic problems presented fiequently differ in som 
respects from those seen on a charity service, consequently, the training gained in a private clinic w ill carr 
directh over into private practice 

The staff responsible for resident training in a private clinic must, of necessitj, see that the trainini 
IS w ell rounded and includes adequate instruction in the basic sciences Too frequently the energies of thi 

I esident are consumed in w ork w hich does not promote his education and training The schedule of trainiiij 

I I the small private clinic cannot always be broken down into distinct services in which each of the majoi 
phases ot orthopaedic surgeiy is given its proper representation, it is necessaiy, therefore, that a dcfiniti 
t ffort bt made to see that the training offered the resident be properly balanced and complete 

The resident maj'- obtain the necessary training in the basic sciences bj"^ attending an organized cour«i 
in a graduate school of medicine or by integration of the basic sciences throughout the three jears cf rc i 
denc\ In the lattei case, physiology and biochemistry can best be taught in conjunction with the medical 
phases of orthopaedic surgery, including the preoperative and postope’’ative care of the patients Lcaturc; 
on the vai lous phases of the basic sciences should be given either by the staff or bj' members of the medical 
school facult^ Surgical pathologj can best be taught by a correlation of the climcal, roentgenograpltq 
and operatne findings of the individual cases with the gross and micrcscopic studj of the tssuc rcmoic 
at surgerj On the medical service at the beginning of the residency, an intensive review of surgical pa 
thologj in general and of oithopaedic pathology m particular s lould be carr ed oat 

An especialU valuable phase of the training offered by the private clinic is the opportunit} fer la mg 
histones and making phj'sical e\aminations Here the resident will "w ork up” the patient, order and reiicr 
the roentgenograms and laboratory studies, and formulate his own impressions as to the correct diagnc-t. 
and treatment V henever possible, he should be present at the time the staff man sees and exannnw 
patient, reviews the roentgenograms and laboiatory findings, analjzes all data brought out, an na 
discusses the ease wath the patient In this w ay, the resident has the advantage of learning the line o 
mg which the staff man uses in determining the proper treatment in the individual case, for trea me 
01803-^ instances must be adapted to the individual and his circumstances The resident shou d a\e 
opportumt3 of assisting at operation on the patients he has worked up, seeing them postopera tuc \ i 
hospital, and later seeing them w hen they return for check-up examinations ^1^,, 

During the first year of training, the resident should work entirel} under the direct supervisi ^ 
clinical staff, the staff being responsible foi all decisions, all operations, and all after-care a 
penence increases, it is desirable that the resident’s responsibilit}' be increased, to inclu e i po 


adequate amount of individual opeiative work looked Tbi 

The danger of a single point of view, particular^ as legards treatment, must not c jilirajuro 

can be obviated to a large extent by legulai literature meetings, at w hich the current or opa^^ ^ttcndancf 
IS review ed, and presentations on assigned subjects are discussed In a stnctb ort opae i > 
at general hospital staff meetings and chnical-pathological conferences should be 

In our ow n private Orthopaedic Clinic and Hospital, an effoi t has been made to com }K>cn 

of training in a private clinic mth those of a chant3 service Over the 3 ears, a ccienccsand 

ex'olved which encompasses all phases of orthopaedic suiger3, as well as training in 1 an examp''’ 
certain aspects of neurological and plastic surger3’’ An outline of this training program 1 
of how a pnvate clinic and hospital can be integrated into a resident-training fracture ci-"' 

In addition to expenence wnth the pnvate adult and wnth children s 0 cnpplc'^'®^'*'^'^''"^ 

there are available the facilities of a fort3'-bed hospital for crippled c i , ‘ citx-hospitaH^'^'’'' 

services with their active surgical service, a snxty-five-bed hospital for enpp hospital, and a 

of forty beds (chiefl3 for acute trauma), a polionwelilis service in t le ci 3 nppkd children s a 

bed in-paticnt cerebral-paUi unit One da3 a week, the out-patient cbnics 

o-HLaotuixAnoFUioM and .o.xT 
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adults' hospitals arc (Oiiduc (( d tmdct siip('i\ i‘'ion 'I heip is nlso nil nfTiliation w itli a neurosurgical clinic and 
a plastic surgeon, to provide serviei s iii tin ortliopnedic aspi els of these specialties The residents are actualU 
responsible for the conduct of the chant j sci vices and they perform a majority of the surgical procedures 
upon these patients, ahiats undei close supci vision 

There IS a weekh staff confciencc, iisualH Insting tuo hours, at vhich pertinent roentgenograms and 
pathological preparations are studied and reviewed in the light of the clinical features of the case A wcekl> 
lecture senes is conducted, foil\ weeks a seal 1 hese leetuies, each two houis in length, aie planned over a 
three jeai period to include both clinical oifliopaedic subjects and the basic sciences, the clinical lectures 
are given by the Clinic staff, while the hasie-seicnee Uctuus ue given bv prcclimeal teacheis of the medical 
'chool 

At the piesont time, tlic tinining piogram is iiiangid as follows 
First Year 

1 Pathologj and medical service in the pueate Clinic ind Hospital, thicc months This includes a 
studj of all matenal going through the PnthoIog\ Labointoiy, and a s^'stematic study of bone pathologr, 
including tumors While on this service, the resident assists with the picoperative and postopeiative care 
of the Hospital patients, and works in both the Clinic and Hospital on arthritis and peripheral-vascular 
cases 

2 Assistant in operating room and woik in the pnvatc Ghnie, si\ months 

3 First assistant in the operating room and resident in orthopaedic surgery in the private Hospital, 
mth responsibilit} for daily ward rounds, weeklj progress notes, and dressings, thiee months 

Second Year 

1 Ass^tant resident, crippled children’s service, three months 

2 Assistant resident, crippled adults’ service, three months 

3 Resident, crippled adults service, three months 

4 Fellowship m neuresurgery , three months 

Third Year 

1 Fellowship in plastic surgery, thice months 

2 Resident, crippled childien s service, thice months 

3 Assistant resident, city hospital (charity) service, three months 

4 Resident, city hospital (chanty) service, three months 


RESIDENT TRAINING IN A VETERANS ADMINISTRATION HOSPITAL * 


Bi DA^A M Street, M D , Memphis, Tennessee 
I elerans Adrmnistralion Medical Teaching Group, Kennedy Hospital 

These remarks refer specifically' to the present progiam at Kennedy t'^eterans Administiation Hospital 
Kennedy Hospital w as built for the Army dunng the War and was one of the largest General Hospitals 
was acquired by the Veterans Administration m 1946 and the excellent eqmpment w as retained It is at 
present operated as a 1,400-bed General Medical and Surgical Hospital 

ne Surgical Service is compnsed of sections in all of the major specialties, each of which is headed b\ 
a member of the respective specialty board The same applies to the medical and other services in the Hos- 
a I so that consultations are readily obtained The large, full-time staff is also on hand for confeiences and 
of phases of medicine Paraplegia forms a separate section With 250 beds, Kennedy is one 

e Our paraplegic centers m the country' for veterans 

the Qi'fbopaedic Section and training can perhaps best be desenbed by' followang the resident through 
Orthopaedic Section contains 144 beds, and has been approved by the Board for tw o y ears’ 
sdult orthopaedic surgery, fractures, and basic science Three months of neurosurgery have been 
^making a total of tw enty'-seven months 

"ard f more detail, the resident spends his first six months as Junior on a fifty-three-bed 

The orthopaedic surgery and fractures Tw'o such W'ards, or 106 beds, are devoted to these cases 

back a "^tonal seen by the resident is exceedingly good The anticipated burden of osteomyelitis and 
cent matenalized , of the 2,130 patients admitted dunng the past two y'ears, 1,017 or 50 per 

back c^es f boo or 10 per cent have had osteomyelitis, and 358 or 15 per cent have been 

♦ t) ° ^ ^ ®orts Patients with major traumatic injuries are brought from all parts of Tennessee, 

b^lcratis permiMion of the Chief Medical Director, Department of Medicine and Surgery, 

ilfawn b-\ the "b'^-Ussumes no responsibility' for the opinions expressed or the conclusions 

'on. 31 
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Arkansas, and Mississippi Of the fractures, 8 per cent are non-unions and 10 per cent an compound 
The three months spent on the Paraplegia Section offer the resident an unusual opportune i to gam m 
sight not only into severe injunes of the spme, but also into problems peculiar to paraplegics Pammount 
IS the prevention and treatment of decubitus ulcers which, besides loss of protein, may also lead to oMeo- 
myehtis and infection of the adjacent joints Other problems are urinary-tract infection, fractures, and 
myositis ossificans Smee most of the paraplegics require braces, the resident becomes familiar mtli tin 
Brace Shop, emplojnng twelve brace mechanics and averaging ovei 100 ne« braces pei month Dunng tlm 
three months he is also assigned to the service of Physical Medicine, and becomes familiar inth ph\siml 
therapj apparatus, such as the Hubbard tank and the bar-bells of Delorme, as a ell as occupational-thcrapi 
techmques and rehabilitative procedures, such as ambulation of amputees, stair-chmbing for parnplcgic% 
their getting, from wheelchair to bed, from wheelchair into bath tub, et cetera 

The three-month penod spent on the Neurosurgery Section is optional, but is felt bj most of the n-i 
dents to be very valuable because of the close relationship of the two specialties Here the i esident sees spun) 
cord tumors, treats head mjuries, and studies the mechamsms of pain Early disc cases are treated con 
servatively in the Orthopaedic Department Simple disc operations are done by the neurosurgeons, 'ind 
those reqiunng fusion are done by both services as a combined procedure 

Although much basic science can be taught on the ward, such as protem metabolism, fluid and electro 
lyte balance, and blood replacement, we feel that si\ months undei the direction of the Pathologj Dcpirt 
ment is of value The viork is m autopsies and surgical specimens, supplemented by dissection of extrcmitiC", 
lectures at a neighbormg institution, and reading We believe that the resident’s ivork should not be limited 
to orthopaedic material, smee there is much to be learned in the fundamental pimciples of inflammation, 
neoplasia, and trauma from cases of other services We are of the opinion that pathology cannot veil k 
combmed with ward work, because insufficient time remains for study Contrarj to the impression of some, 
the Veterans Administration resident does not check m at eight and out at five o’clock, but works daj and 
night as the need for his services eMsts His readmg time for clinical subjects alone is linuted 

The resident then returns to the orthopaedic wards, spending three months as Senior on a ward con 
tainmg a twenty-bed section for osteomyelitis and an eighteen-bed section for bone tuberculosis Tlir i 
sections are well separated from each other and from the clean w'aids The tuberculosis cases are diavn 
from all of the southeastern states and form a good teaching senes 

During the final sl\ months, the resident is Senior on one of the fifty- three-bed clean wards Haung 
assisted in a wide vanety of operations as a Junior, he now has complete charge of the ward, does most of tin 
surgery on his patients, and directs their preoperative and postoperative treatment The Chief of the Sec- 
tion assists him with his first case of each type, after which, dependmg upon his aptitude, he is allovcd to 
operate without direct supervision He is thus given gradually increasmg responsibihtj as he develops thi 
capacity to handle it The more extensive procedures are done by the Section Chief 

Besides the ward work described, all of the residents participate m an out-patient clinic, tw o afternoons 
per week Hospital patients of other services are seen in consultation at this time Giand rounds are con 
ducted one morning a W'eek, when every patient on the Section is seen An \-ra 3 ’' conference and an orthopnctiie 
conference are held each w eek 

Although appomtments are on a yearly basis, the entire tw enty-seven months described are availfl J- 
to all of the residents unless they prove incompetent An additional six months is available to a sclccte 
per cent m which to round out their experience In the past two years we have performed 948 open operation 
Of these, 247 or about 25 per cent have been done by myself, 25 pei cent by the Senior Resident, am 0 
per cent by the Senior Ward Officers A man staymg two years may then expect sixty or more major optm^ 
tions and, wnth the additional six months, 120, plus many mmor procedures Therefore, the service is 
a pyrahud nor a straight service, but rather a semi-pyramid It avoids the chief drawback of the pjro 
type — namely, the casting out of men with little or no operative expenence — while at the same 
Senior Resident receives a widely representative group of cases Although the program is patttrm 
the Board requirements, we are fundamentally mterested m trammg the residents to practice ort lopi 


surgery, and not merely to meet their requirements matenal, 

In summary, the strong features of the service are its excellent reconstructive and ^ 

experience with paraplegics, complete facilities for physical medicme and rehabilitation, an e ec n 
anism for follow-up study The weak pomts are the paucity of matenal in the older age ^ 
hood The older group is increasing yearly, and the lack of children is partially compen- 
aSiliation with a children’s hospital, which takes care of 50 per cent of our residents p 

In order to carry out successfully such a program of gradually increasing resp^nsi J ^ . 

the resident, it is imperative that he be not oversupervised by a large, fully trained staff - 

Sor th; Superior IS advantageous, permitting him to divide his time more 

wS rlscLch and teaching Clmieal w ork is necessary to maintain diagnostic 

wffrT the natient’s problems Research advances the frontier and cons Rates a 
^o^rfor nt Teachmg provides one of the best incentives for keeping up mth 

Ld, as Hippocrates said, is a moral obligation 
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RESIDENT TRAINING IN AN ARMY HOSPITAL 
Bt Colonel Milton S Thompson, Medical Corps, United States Abmt 
Brooke General Hospital, Fori Sam Houston, Texas 

The precipitous demobilization at the end of the last War thieatened to leave hospitals full of ailing 
patients and empty of trained doetors The piewar specialists, like Majoi General Norman T Kirk, held 
responsible admimstrative positions, the younger men had had no specialty training, the graduate profes- 
«ional-cducation program iias needed This progiani iias started in 1947 and is designed to provide specialty 
training for Army doctors 

Orthopaedic trnming is provided in si\ of the Army’s fourteen named General Hospitals These sia are 
Walter Reed General Hospital m Washington, Oliver General Hospital in Augusta, Georgia, Fitzsimmons 
General Hospital in Denver, Lettermnn General Hosjntal in San Francisco, Brooke General Hospital in 
San Antonio, Texas, and Vallcj' Forge General Hospital in Phoeinwille, Pennsylvania The professional 
personnel of these Hospitals consists of the assigned staff, plus the attending staff of qualified civilian special- 
ists Their effort to mamtam the highest standards has earned the approval of the civilian councils and 
boards concerned inth maintaining these standards 

As of January 25, 1949, 143 Regular Army Medical-Corps Officers have been certified as diplomates of 
Amencan Specialty Boards four of uhoni ucic certified in orthopaedic suigery 
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"ho are *'®®idency-traimng hospitals, interns are selected from graduates of approved medical schools 
'ear rota? qualified for appointment in the Medical Reserve Corps These men are given a one- 

'"terns includes one month on the Orthopaedic Service Residents are selected from 

tions and t Il-egular Army Medical Officers who apply and who have the desired educational qualifica- 
"f inproac, * residents are being assigned for three years of traimng, and rotate through positions 

I'esponsibility 

hon at some variations in the division of the services at the si\ hospitals, but typical is the organiza- 
rooke General Hospital (Pig 1 ) 
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Formsl teaching iiard rounds are conducted There are ueeklj Climco-Pathologicnl Clinics and luumr 
Chines, well-planned courses in anatomj with cadaaer dissection, courses in patholog^, and formal lectur^^ 
on other basic-science subjects, gia en bj qualified instructors Monthly professional staff meetings, joiirml 
meetings, and problem clinics are attended, and the residents are welcome at \-raa, medical, surgical and 
other conferences The aim of this training is to encourage the residents to think in terms of long-ranp 
results 

The hospitals selected for resideiicj training have not only fine physical plants wath the most niodorn 
uid complete equipment procurable, but abundant clinical matenal of all ages and kinds Since the\ in 
General Hospitals seraing wade areas, they are each at the “bottom of a funnel”, and, since their patiints 
include not onU soldiers, but also dependents, veterans, and retired personnel, the age and se\ vanation 
as well as proportionate pathological training, is comparable wath that of any civilian general hospital 
, At Brooke Geneial Hospital last jear, 1,609 babies were born and 13,719 children were seen in tin 
Out-Patient Department Of these, about 600 aasited the Orthopaedic Children’s Chnic The retired o^fir^^ 
and soldiers and then dependents, as well as the veterans of the earlier wars, furnish material for training 
in geriatncs 


TABLE I 

Orthopaedic Surgery ^ 


Hospital 

In-patients 

Treated 

Out-patient 

Visits 

Operations No of Residents Bed- 

Major Mmor Authonzed Present Allottcil 

Brooke 

2,796 

3,619 

835 

116 

14 

G 

347 

Fitzsimmons 

1,136 

2,931 

702 

139 

8 

5 

2G4 

Letterman 

2,006 

2,232 

769 

136 

15 

8 

4o0 

Oliver 

1,815 

1,052 

549 

497 

14 

4 

5G1 

Walter Reed 

912 

4,168 

775 

374 

14 

3 

300 

Vallej Forge 

1,083 

707 

753 

152 

11 

0 

370 


We are enthusiastic about the graduate-education program, and hope that it wall accomplish the pur 
pose for which it was designed In the field of orthopaedic training, w e feel that it is definitelj justifjung i(' 
epstence Regular Army doctors have acquired skills and experience and have gone to staff hospitals in fins 
country and abroad In the tw o years w hich have elapsed since the inception of the program, Armj resident' 
in orthopaedic surgerj' have benefited from the experience of participation in a program which last leir 
offered 9,7-18 patients and 5,797 operations in the six General Hospitals giving orthopaedic-residcncj tra'" 
ing 


REFERENCES 

1 Army Medical Corps Specialists Bull U S Armj Med Dept , 9 299, Apr 1949 

2 OflBce of The Surgeon General, Department of the Army Report from Clinical Data for nesnuu' 
Training, Armx General Hospitals 


RESIDENT TRAINING IN A NAVA HOSPITAL 

Bx Joseph S Barr, M D , Boston, Massachusetts 
Resene Consultant in Orthopaedic Surgery, Bureau of Medicine and Surgery, I'<avy Departn 

The Navj has conducted a graduate medical-traming program for its regular medical 
1920 At the close of World War II, plans were made for expanding this training pro^am,^ jiospital a* 
facilities of Naval hospitals for residencj training At the present time. United States 
San Diego, Long Beach, and Oakland, California, Bethesda, Maryland, Philadelp ia> ^ curpm ^ 
Albans, New Vork, and Chelsea, Massachusetts, are approved for residency traimng in or appr®''^ * 

The approval is for adult orthopaedic surgery, fractures, and basic sciences No Nava osp ^,,^0 N a' s' 
for traimng m children’s orthopaedic surgery At the present time, there are a tote o w 
medical officers in resident traimng in orthopaedic surgeri,— fourteen m Nava eccond 

civilian traimng centers There are seven men at the first-year level of training, t medical ofTicf’’ ‘ 

level of training, and nine at the third-year level of training Although on y one i ® ^ tjie regu t 
now certified bv the Amencan Board of Orthopaedic Surgeons, several others le c 
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ments for Part II of the examination, and the Bui can of Medicine and Surgery expects to continue assigning 
medical officers to the training piogram in sufficient numbeis so that, \nthin a reasonable length of time, 
there will bo a wcll-tiamed orthopaedic surgeon certified by the Board in eaeh of the larger Naval hospitals 
The training progr im at the individual hosjntals is similar to that at any of our better civilian institu- 
tions The medical officeis who aie in the tiauiiiig program have volunteered for it They have been earefull}’^ 
selected on the basis of abilitj , they have had adequate prehminai suigical training In most of the Naval 
hospitals, civilian consultants boar a nia30i pai t of tlie icsponsibilitv for the training piogiam Each resident 
iiex-pectcd to spend at least a rear in a civilian institution in children’s orthopaedic surgery 

I believe that the Naval program is well oigaiiized to meet the needs of the Navy, and that it compares 
faionblj aath the training obtained in many, if not most, civilian institutions 


SPECIAL TRAINING THE RESIDENT SHOULD HAVE IN CEREBRAL PAI SY 
Br Robert A Knight, M D , Memphis, Tennessee 
The Campbell Clinic 


Within recent years, a better understanding of the problems of the cerebial-palsy patient and his treat- 
ment has been encouraged, largely through the efforts of Dr W M Phelps of Baltimore In the past, there 
has been little to offer the patient uath cerebral palsj' other than surgery, and even this, in the light of our 
present knowledge, was in many instances ill-advised 

The treatment of the cerebral-palsy patient does not fall into the field of pure orthopaedic surgery alone, 
but overlaps into the fields of physical medicine, pediatrics, and neurology Thus, anyone professing to treat 
intelligently the patient with cerebral palsy must mastei certain fundamental principles of these other spe- 
cialties, in addition to those within his own realm, if he is to evaluate the case accurately and direct care 
along all the necessary lines 

By nature of his background training, the orthopaedic surgeon is best fitted to care for the cerebral-palsy 
patient, and it thus becomes our problem to plan the training of the resident so that he may, during his period 
of formal trainmg, master the fundamentals of diagnosis and treatment This may be accomplished in either 
of two ways 

The first method consists of attendance at an organized program in cerebral palsy At the present time, 
the most highly developed teaching program is in operation at the Children’s Rehabilitation Institute, under 
the direction and supervision of Dr Phelps As it is set up, it consists of three months’ work, and includes 
c\penence in the vanous rehabilitative measures in addition to organized lectuies, experience in the private 
office, and attendance at cerebral-palsy clinics This special training is recommended for those men w ho have 
8 special interest in the field and w ho contemplate being responsible for more than an average amount of 
"ork with cnppled children, including the organization and conduct of a cerebral-palsy clinic and treat- 
ment center 


The second method, which will be most practical for the majority of the residents, is by the inclusion of 
equate basic training in the principles of cerebral palsy dunng the year’s work with crippled children This 
oe gained by attendance at a weekly cerebral-palsy clinic, regular w ork in a cerebral-palsy unit associated 
the children’s hospital, and formal lectmes covenng the pathology', clinical types, and methods of treat- 
ment During the course of a year, the resident should have gamed a good basic knowledge of the subject, 
u ing the re-educative phases, as well as the proper place of both biacing and surgery' 
raining of the cerebral-palsy patient can be earned out on either an in-patient or day-student basis, if 
tien^s™*^ fuuds permit, both types of training can be given In planning a unit, multiples of fifteen pa- 
fianih ^ therapist can adequately carry a case-load of fifteen children with moderately severe 

caps, somewhat more than this number can be treated if their handicaps are less severe 
e staff needed for a fifteen-bed in-patient unit is as follow s 
edical director, part time (an orthopaedic surgeon w'lth special tiaimng in ceiebial palsy) 
ysical therapist (w'lth sjiecial cerebral-palsy training) 
ccupational therapist (with special cerebral-palsy traimng) 
speech therapist (part time) 

School teacher 

ef '^-patient unit should function as an active traimng unit, admitting patients for penods 

longer Certain patients can, after an initial penod during which their training program is 
'reatme have the training earned out by the parents at home, others, because of their peculiar 

mtum h" require prolonged training at the treatment center Before the patient i to 

child’s fh^a' * ^'C'hher should come to the center for instruction so that she can intelli^'’'if the 
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:x::: arp;;x:^:i':'.““ ”‘ ““ 

An m-paticnt unit of fifteen children "with a <?tnfr no /i « u j v 
our own teaching program The unit is closely integrated ItMhfretr^; ? ''' operation m conjunction inth 

the children’s service attendmg the u eekly conference held by tL Zc to ofT°^ 

\ isits to the unit The expenence and training which these residenta ^ unit, as n ell as making daih 
more divemified if the unit were larger, but it has been our expenencftSre If 

an active follow-up dime, serves as a valuable training grouL for the resiZt^ 


SPECIAL TRAINING FOR THE RESIDENT STAFF IN INFANTILE PARALYSIS 
By RATMomi E Lenharu, M D , Baltimore, Maryland 
Johns Hophtns Hospital 

The relationship of poliomyelitis to resident tramine is a vast mn 
problem, any one of which, if pursued to the end ^ ^ to the 

A general outline might be bnefly stated as follows extremely large amount of information 

1 Et.inln<nr 


1 

2 

3 


Etiology 
Epidemiology 
S3Tnptomatology 
A Differential diagnosis 
Pathology 

A Changes m central nervous system 
B Changes m muscles 
Piognosis 
Treatment 
A Acute stage 
B Convalescent stage 
Bracing for treatment and for rehabilitation 
Opeiative Phase 
^ Correction of deformities 
B Improvement of function 
9 Yocational Rehabilitation 

of etiology would be unnecessary to dwell too much with a resident staff on the problem, 

medical training thp h^,’ uuiatology, and pathology They should know from them textbooks and 

should be a simple problem uiuch as is knowm, of the disease ^The diagnosis for a resident staff 

nized but thsft prognosis and with the statement that many of the cases are unrecog 

of recognized cn^pq ^^®^®^tu^ybeendiagnosed, the recovery rate is rather high In 60 percent 

weakness or diqpE.nf ^ complete, another 20 per cent of patients recover with a minimum of residust 
.. oisability About 2 per cent have mnrVpd rpa>d„„rri — +x„K«-„„,i,=ni«Soir«nre required 


5 

6 


7 

<? 


weakness or disabite ^ JS complete, another 20 per cent of patients recover with a minimum of 
It IS m the other 18 ^ cut 2 per cent have marked residuum, to the pomt where wheelchairs are required 
The rpsidpnf f ^ most of the problems arise m regard to prolonged treatment 

w nrdK will nmK they are associated wnth a hospital for contagious diseases or one having contapou' 

contact with nof I opportunity to see the earliest stage of the disease, and maj not bw 

of ft rpqnir + u Several weeks after the onset of the disease However, they should be taught the u-’ 

of a respirator and the need for tracheotomy 

TvhumppWif if acquamted with tieatment at the convalescent stage, mth the nieasin& o' 

nf +K ^ used, with the judicious use of heat, massage, and exercise, and with care/u u 

f , . ^ m^c es and exti emities involved Some knowledge of how to record the progress of patients an 

1 the muscle testing required for such recoi/ta mUTht. ha « nart. nf fho r.rnm-..rr> 

Prophylactic measures during the r 

__ t _ mt . » I 1 V V 1 It ^ 5 — nf fhA nfflCI _ 

evL' 


I recoids might be a part of the program 

- aurmg the recoveiy phase are essential, m an effort to prevent deformiti® o 

dimmish the amount of deformitx of joints The residents should know the fundamentals of the bracing 
sp in mg 0 extremities m the pre\ ention of deformities, and the problems connected with such bracing 
the p^ents are permitted to be ambulatoiy ^ 

en deformities exist, the teaching should include the mode of production of defomutic-s i 
hods to correct them 'j\ musde transplantation, tenodesis, and arthrodesis Such broad 
e specific description, but the afti^r-enro nf nnlmTnvahfis IB psBpnf.iflllv a oroblem of indivi ua 


transplantation, tenodesis, and arthrodesis Huen nroau . 

more specific description, but the after-care of poliomyelitis is essentially a problem of indin 
and the best teaching is given at the bedside Smee the disease leaves characteristically a spot tj wen 

„ .mvTsrrnr*' 
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defornuties may be multiple, involve any joint, and bo associated with varying degrees of muscle weakness 
The resident staff should also be acquainted wth the fact that the poliomyelitis patient needs not only 
phj’Sical rehabilitation, but mental adjustment ns well, and that, throughout the whole course of therapy, one 
should bear in mind the problems wluch may arise in regard to vocational rehabilitation 


SPECIAL TRAINING THE RESIDENT SHOULD HAVE IN THE 
FITTING AND MAILING OF BRACES AND PROSTHESES 

Bi Atha Thomas, M D , Denver, Colorado 

U7uvcrsity of Colorado School of Medicine 


In revieinng oithopacdic literatuic thiough the j cars, one gains the impicssion that, as knowledge and 
interest in open surgical procedures increase and non surgical techniques develop, there has been a propor- 
tionate diminution m interest m the problem of orthopaedic braces and appliances In spite of recent advances 
in the development of graduate orthopaedic teaching, sufficient effort or interest has not been shown m any 
organized or comprehensive instruction in the prescribing and fitting of braces, artificial limbs, and other 
orthopaedic appliances This lack of instruction is evidenced by the confused and limited knowledge of the 
subject on the part of many of the 3munger orthopaedic surgeons This deficiency became especially apparent 
■nhen the rmhtary services established their onn brace and limb shops during World War II 

E\cept in some of the larger institutions which have their own brace shops, little opportumty or time is 
available for the orthopaedic resident to receive instruction in orthopaedic appliances, and, even when a shop 
is available, little effort is made to organize formal instruction on the subject This is especially true as regards 
artificial limbs There are fen modern texts on the subject, and the literature is meager and not readily 
available 

Too often braces are presenbed with little knowledge of the fundamental design and construction of the 
brace and with verj' vague ideas as to its purpose and function, this problem being left largely to the judg- 
ment and decision of the appliance-maker In addition there rarely is adequate supervision of the fitting of 
the appliance and mstruction in its use, in order to make sure that it properly fulfills the purpose for which it 
nas designed These matters all should be the responsibility of the prescnbmg physician, but too often they 
are left largely to the brace-maker or limb-maker 

The relationship of the physician and the appliance-maker has been aptly compared to that of tlie super- 
vising architect and the building contractor To presenbe and fit an orthopaedic appliance properly, the 
physician must not only possess a thorough understanding of the purposes of the brace, but also some knowl- 
edge of fundamental brace design and fabrication, matenals available, and joint and lock mechanisms Such 
hnovvledge is best gamed by formal mstruction, as well as by observation and experience in the shop 

Decisions as to the type of design or material used m braces are often made from habit or custom, rather 
than from a careful analysis of the individual patient’s needs Such considerations as age, general physical 
condition, extent of involvement, economic and social status, and length of time the brace will have to be 
worn are important factors m the selection of the design and matenal used Judgment in these matters is 
attained through long expenence or by adequate instruction 

In order to carry out such teaclung properly’-, close cooperation between the physician and the appliance- 
waiker is essential Personal acquaintance with some of the leaders of the orthopaedic-appliance industry 
convinces me that they are eager to coopeiate m such efforts, and I believe that it is to the mutual advantage 
® a concerned that this should be done Well-organized mstruction and demonstrations m fundamental 
engmeenng principles, brace design, simple metallurgy, shop practices m metal, wood, and leather work, 
piwciples of measurement, and fitting are all desirable m such a teaching program I am sure that consider- 
e caching talent is av’ailable within the industry The members of the orthopaedic-appliance industry are 
^er to improve their own standards and to organize and enlarge their trainmg facilities, they believe that 
''urgeo^ accomplished by cooperation with, and by the assistance and encouragement of, orthopaedic 

M course m brace-making given by the Mellon Institute and Umversity of Pittsburgh 

am physicmns and appliance-makers last fall was most worth while, and is a good ex- 

P e 0 such cooperative effort I understand that the course is to be repeated this fall in a slightly different 


^Pphan'* Academy in coopei ation with the Army, Veterans Administration, and the orthopaedic- 

able prepanng a comprehensive Atlas on Braces and Artificial Limbs is also most commend- 

a' er' It published, will furnish valuable matenal for the teachmg of residents In addition, how- 

tygjjjg set ^ desirable that a formal teaching program be devoted to orthopaedic appliances, a cumculum 
a uiclude lectures and demonstrations and possibly even some shop expenence It is only by 

program that this subject, so essential in orthopaedic practice, can be taught adequately 
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RESi:\RCH, PLBLIC\TIO\b, PH\bIC-VL MEDICINE, AND OTHER SPECUL bOBJ] CTS I\ 

A RESIDENT- TRAINING PROGRAM 

IH Frlmont a Chandler, M D , Cmc^co, ILU^OI^^ 
bnwcrsittj of Illinois 


lic^earch and Publicatwn'^ 

The rush and glamoi of an ever-\Mdening clinical cxpciience is attractive to ever> resident, as it b to 
most practising orthopaedic sui-geons Research and the publication of scientific papers consequcntlj hau 
been relegated to a minor role in many courses for tiainiiig of residents Only late in their course do most of 
these surgeons begin to appiecute the need and satisfaction of investigative effort Many enter active prao 
tice, hoping to devote sufficient tunc to seiious study, little leahzing that facilities and guidance are no 
long! 1 at t hur dispos il Then economic advancement stifles them further and they join the ranks of iniitatorv 
\\< 11 di'-poM d to allow others to advance the science of then specialty 

1 ht di "'in for ti ut know ledge must come from an inherent curiosity, leav'ened w itli some degree of skcji- 
to c-in tor av ulabh data Fire of this nature is instilled into the resident onlj with great difficult} b} hard 
u (II king nu nt allv agile preceptors The usual course of collegiate and medical education fails in high degree 
o 'hi an omplibhment of tins phase 

H 'w mav we function best in collecting this situation which confronts us’ 

' 1 lime al ri atarch depends largely upon the stud} of patient records, past and present The assignment 
' 1 il n V itw of some specific orthopaedic entity to the new resident will give him an opportumtv of 
I 1 \ 'h ''hortcomnigs of his predecessors and will emphasize the need of intelligent and accurate 

u ( ( in ' 1 1 

2 Abt ongii II I I icsidcnts feel capable ol mastering big problems, it is usuall} desirable to initiate tluir 

" ' "c'di ' 1" 1 II r the direct guidance of some pi oductive worker 

' 111 1 - 1' Il 11 of case reports, supplemented by reviews of the literature, affords an opportumti 

'Ol ill, i-uii ,1 t > ' t I. H acquainted with libiarv technique and with the various publications cspcci llv 
rdatid ' 't I i I 11 1 , 

4 I h' 111 o II I'l in 1 1 these case reports and the active pai ticipation of the resident m clinical confer- 
< nci s idd' nnot 'ii" > in interest in this phase of training 

a rill uquu >1 a thesis bnngs out latent ability which may othervnsc remain hidden 

Special tt I'll' 1 I ' lu tollovving fields is of value 

'’V'lca/ Median 

It is difficult t i . uize specific subjects in this field, for the practice of phvsical medicine caiplo'j 

i< hniques niinv oi ' ' > i boidci on psychological methods of therapy These arc proper if emplcve 

pi Iv 

' lutlc IS known ng nhng the actual physiological response of tissue to the various stimuli that training 
in ti a Id must be clinu it n nature This would indicate that the resident might well become a feniponirv 
mem' ot ih( Departmem ot Ph}Sical Medicine, actual!} participating m the administration of t le pr^ 
scnbui ' coduri"- bv doing so, he wall appreciate the merits of tcchmquc and will be in a pcsition 1’^ 

acnbeti! .tn more specificallv FamiliantvMvith the use cf the t icrmocoip'o, the clcotrom}Ograp ,ao 

numerou ins ot recording circulatory changes will enable the resident to recognise the oppor in' 
of clinical , I bcatiou as he comes into contact w ith patients , 

Instru '1 n ' V nu mbi rs of the Depai tment of Physical Medicine is desmablc This s lould come ea 
the period I'l rihoondu training 

Roentgenology 

The eyttiiMVt n-i ni the roentgen i ly m oithopaedic surger} makes this subject of eje i 

ho properlv appuua,t the intricacies of roentgenology as it serves the purpose of orthopaedic 
knowledge of photngiapluc technique and of the actual manipulation of roentgenographie 
desirable Although t iu final film is the immediate need of the oi thopacdic sui geon, famihari } w 
ple\ techniques requind in it* production will be beneficial Ihis can come only through ac u 
equipment Nothing is of more value tli m serving as a technician for a short period j ,s best ac- 

Interpretation of roentguiogiams is, of course, the major problem Training in ( is can 

complishcd bv close contact wath the roentgenologist and clinician, through the medium 
ferenccs 

Neurology and Rhettmalology ar 

Needless to sav, experioiice and knowledge m these fields is of vntal "j; ncurokp^' 

quircd through dav-to-dav contact rather than b} isolated courses of mstruc . dc Junctions (■' 

entities must be recognized b} the orthopaedic surgeon, for manv are reflee e 
muscles and joints The principles of neurosurger} should not be overlooked 
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niE GinJDUA'I'J' .SCHOOL OF MEDICINE 
CouHbF i\ Oinnoi’Ai DM hiiur.i im \ni) Ii^ Cui'iucui.u-m 
Ba JtssF T Nichoison, ]\I D , Piiii ai> i PiriA, Pi vama 
Unwcmli/ of Pcnn’iijlvainn Gxidmtlc Sihnol of ^Jrch(lnc 


The Griduitt School of Medu me it tlio of Pt iiiibj Ivaiii i \mis (sinhiished in 1916 by mcigci 

of the Medico-Chirurgicil College and Hospital, the Diagnostic and IIo\i iid Hospitals, and the North 
Amencan Sanatorium, and bj various philanthropic gifts Its jniriiost was to provide “basic” graduate stud}' 
in the well-recognized clinical specialties This giadiiatc study w as “iiiti nded to 1 n a foundation and to pre- 
pare for appropriate clinical and thesis studies to succeed the basic studies” 

The clinical and thesis studies may lead to a graduate niedieal ciiididaey, pioviding the Facult 3 'are con- 
lanccd that the candidate is qualified to piaetise the eliiiical specialitj conceiiied “The Faeulty becomes 
convinced m either of two nianners (a) By the fact that the candidate has become a ceitificant (‘dip- 
loniate’) of the related American Board foi the ceitifie itioii of such clinical specialists, or (b) that the candi- 
date has fully completed all the detailed pieceptccslup oi fellowship lequiiements, including certification as 
to special climcal qualifications bv the ofiiciall} designated prcceptorfs) or fellowship diiector(s) 

“ Precepteeships maj proceed in several manners hospital residciitships, oi resident or visiting hospital 
or clinical fellowships or assistantships, or assistantships in jiiivate special clinical practices of preceptors in 
approiable part-time combination with one or more of the foiegoing hcsoital associations ” They have as 
common features "(a) Approved stud}' facilities, (b) an approve! pr^ccpljr w lo eoopeiates with the pre- 
ceptee and the Umversit} , (c) a duration of two oi nioie }cais, if the candilatc be engaged solely in his 
precepteeship studies, (d) a duration of three oi moreVcirs if the candidate engages in clinical (or other 
occupational) pursuits in addition to his precepteeship stu lies (c) an a a Jomie ceiit of two thousand hours 
or more in two }ears or more of studv, and no credit being give i for private pncticc of the candidate, (f) 
preparation of an upprovable thesis, involving in accent able degree of oiiginal iiivesiigation pertaining to 
the clinical field concerned in the candidacv , (g) the preparation of the thesis mast be aathorized and active 
while the practical credits are being accamulated, but it is not necoosir} that the thesis reiairement shall 
have become fulfilled completely at the time that the pnctitil le iJiieiients become ful died, — an extension 
of time for the fulfillment of the thesis requirement bci ig allow ible at the joint discretion of the preceptor, 
dean, and faculty, (h) periodic preceptorial and f icalt} annroval of the practical and th^ns studies as they 
proceed, (i) final general preceptorial and faculty appiova! of the s oecial practical status w hich the candidate 
has attained, and approval of his completed, unpublished, thesis ” 

Fora Master’s degree m (medical) science, two calendar yeiii of cli iical and thesis studies arc required 
Fora doeterate in (meaieal) science, one to three yeuis are devoted to research 1 1 the field of the specialty 
concerned 


‘Separate basic studies are provided for each of the (s \ e.n) climeal specialties currently accorded 
major recognition by the school s curricula internal me licinc, pediatrics, neurology-psychiatry, derma- 
Llog}-syphilolog}', radiology, surgery, gynecolog} -obstetrics, oitiopacdics, urolog}, ophthalmology, oto- 
anngolog}, physical medicine, anaesthesiology, orthodontics, oial su-gc} -oral anaesthesia, oral mcdicinc- 
periodontics and prosthetics ” 

The Department of Orthopaedic Surgery was cstablisaed in 1923 The Chairman or Vice Dean w'as Dr 
c crest P Willard, who retired from this chair in 1946 His observation and cxnerience were responsible for 
e evolution of the course as presented today 

The school term extends from October to May The enrollment is lestricted to twelve This numbei 
ates instruction m anatomical dissection and mitioscopic pathology, peimits small sections for ward 

w s, surgical theater, and ouLpatient clime, and allow s better evaluation of student potentialities by the 
'»stnictors 

total'^ comprises thirty-tw'O weeks Each week has thirt} -seven houis of assigned woik, giving a 
the term These assigned houis of work are bioken down as follows 586 hours aie 
the'* ^ V studies, 210 of the basic-study hours aie oceupic d by lectures and clinical demonstrations in 
Ch chnical-science course This course is given by the separate departments of Physiological 

iwln Physiology-Pharmacolog} , Bacteiiolog} and Immunology, and Physical Anthro- 

F th^ Graduate School of Medicine These staffs combine to give an integrated comse The followang 
e present general arrangement of lectures 
Kidney (26 lectures) 

2 Circulation (23 lectures) 

Heart (15 lectures) 

4 Blood (13 lectures) 

» Ahmontarv Tract (17 leetuies; 

« Luorand Gall Bladder (11 lectures) 

‘ ''^'=4abohsni and Nutrition (17 lectmes) 

'"U 31 \ xr. . 
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8 Endocrines {20 lectures) 

9 Xen’-ous S 3 'stem (25 lectures) 

10 Phj sical Medicine (6 lectures) 

11 Lungs (22 lectures) 

12 Microbiologj (15 lectures) 

In addition to this correlated climcal-science couise, lectuies in special phj'siology (14 hours) and bio 
cheraistr} (12 hours) are gi% en the departments to the students in orthopaedic surgerj-- Separate courses 
are gi\ en the orthopaedic students in anatomical dissection and cadaver surger^ (192 hours) and in gro=s and 
imcroscopic pathologj’' of bones, jomts, muscles, and tendons (160 hours) 

Tvo hundred seventy-three hours are spent upon subjects related or responsible for orthopaedic coni 
plaints and methods of rehabilitation Radiologj’’ occupies si\ty-seven hours, neurology, ninetj-si\ hours 
neurosurgerj’-, four hours, peripheral-vascular diseases, twenty hours, anaesthesia, sivteen hours, arthritii, 
tnentj hours, phj sical medicme, ten hours, occupational therapy, si\ hours, plastic surgerj^ taentj hour-, 
blood djscrasias, si\ hours, dietarj^ deficiencies, four hours, and bone metabolism, four hours 

Three hundred tv entj -three hours are directly devoted to orthopaedic surgery For much of this schcd 
ule, the student group of twelve is dimded into three sections The clinical observations are facilitated In (hi 
afiiliated teachmg of the followmg hospitals and institutions 

Philadelphia Children’s Hospital For children’s surgery, out-patient clinic, and acute orthopaedic 
illnesses of children, 

Philadelphia Shriners’ Hospital For children’s surgerj’- and ward rounds, 

The Widener School for Crippled Children For kinesiology, poliom 5 'elitis, and cerebral palsy. 

The Alfred I duPont Institute of the Nemours Foundation For dimes on 'deformities of children, 
The Presbyterian Hospital For plastic surgery, 

Naval Hospital For amputations, 

^’’alle}' Forge General Hospital For hand surgeij', 

Philadelphia General Hospital For fractures, 

Temple Umversitj Hospital For ward rounds. 

The Umversity Hospital For clmical conferences. 

Graduate Hospital For adult surgery and out-patient dime 

Collateral readmg m unassigned hours is stimulated by the assignment of an orthopaedic subject of 
general interest Each a eek, before the student conference, one member of the group presents an up-to-date 
summars of his assigned subject vnth a pertinent bibliography If the presentation is approved, it is mimeo- 
graphed for distnbution to other members of the class 
The limitations of the course are 

1 The students are at all stages of their required thiee years of orthopaedic training 

2 Little opportumty is afforded to begin or to continue a research problem 

3 But six-months’ credit is given by the Board of Orthopaedic Suigery for a scholastic j'tar 

4 Theie is no integration between the course and the additional j^ears of resident tiaining require 

the Board of Orthopaedic Surgery , 

Some progress has been made m the latter instance Two general hospitals and one clinic have scut jt 
residents to the Graduate School for the basic course m orthopaedics for the past three years it i sue 
plan projected with other hospitals and dimes, the students imght, bj' such a reciprocal arrangcnien 
enabled to meet full requirements of The Amencan Board of Orthopaedic Surgery while completing re-ca 
mvestigation that n ould entitle them to a degree of Master of Medical Science from the Graduate . c lo 
Medicme 

Note Quotations are taken from the Announcement for Session, 1949-1950, Giaduate Stlio 
Medicme, published b\ the Unn ersitj of Pennsj Ivania 


WHAT CONSTITUTES A SATISFACTORY PRECEPTORSHIP TRAINING? 

Bt J Albert Ket, M ID , St Louis, Missouri 
Washington University 

A preceptorship tj-pe of framing is not an easy way to become an jpte\hc form^’ 

who chooses this is usuaUj one who, for economic reasons, does not find it student who lias mon 

orthopaedic program required by our Board Such a candidate is ^PV^^nSreicafeducaUen, plu-'^ 
than the average aUotment of ambition and energj' He should have an ac p „ , rp i 

the journal or hom ^nd joint 
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least one and preferably two ycaisof training in general auigeiy It is also clcsiiable, but not essential, that he 
have a year’s formal training in orthopaedic suigciy 

Given this background, the candidate embarks iiijon a eouisc which will eventually enable him to de- 
\clop into an orthopaedic surgeon w hose ability w ill compaic favorably w itli that of his peers I use the term 
"develop” advisedly”^, because I wish to emphasi/e the fact that in the preceptoiship, oi w'hat I prefer to 
call the informal, type of orthopaedic tiaming, the candidate is no longer an undergraduate student whose 
tasks will be allotted to him each day', but is one who has begun his life’s work and is largely on his own 
Much of what he does in the future w ill depend upon his ow n initiative, rather than upon an instructor He 
IS not going to be run through an orthopaedic null and be delivered to the community as a finished product 
It IS for this reason that this ty pe of ti aining is suitable only foi the candidate who has more than the average 
amount of determination He should also realize that the period of tiaimng will be piolonged 

The amount of time w Inch he should spend in infoi mal training w ill vary wath the ability of the candidate 
and with the opportunities for learning and c\pcricnce which aie affoided in his situation In an aveiagc 
situation, he should spend approvimatcly twice ns long in informal training as he would in formal training 
Under our present system, if he has had no foi mal oithopacdic tinining, he should plan on about si\ years of 
study and work before he is in a position to request c\aniination with a view to certification by our Amencan 
Board On the other hand, if he has had one y'car of formal tiaining, he should plan on four yeais of informal 
training Since he wall have been actively' engaged in the practice of orthopaedic suigery' during much of this 
time, it might be w ell for our Board to recognize this and to pci nut him to take his final e\anunation at the 
end of his course of informal training, rather than after two additional y'eais of practice 

The candidate should associate himself wath an established orthopaedic surgeon of recognized abihty 
He wall act as an assistant and receive a moderate salary', w Inch wall enable him to be self-supporting or 
partially so In the beginning, he wall not contribute a great deal to the partnership, but, as he gams m know 1- 
edge and abihty, his contributions wall be more important and his monetary compensation wall be mcreased 

It IS important tliat the senior member of the team — the preceptor, if you choose to call him that, al- 
though his status IS far removed from that of a tutor — be genuinely interested in the development of his 
young associate If this is true, the candidate wall not be exploited, but wall be given ample opportumties for 
mastermg his specialty He wall bo stimulated to study' his textbooks and the current orthopaedic literature, 
and, from time to time, he w ill be adiased to pursue comprehensive courses of reading on specific subjects m 
order that he may become familiar wath the manner in w Inch our present know'ledge of orthopaedic surgery 
has evolved 

The candidate will uot be exposed to formal courses or laboiatoiy demonstiations m the basic medical 
sciences, in a futile effort to repeat his first tw o years of medical school, but he wall be encouraged to refresh 
and perfect his knowledge of the anatomy of the spine and extremities and to keep abreast of those advances 
in physiology', biochemistry, bacteriology, pharmacology', and pathology which are of interest to modern 
orthopaedic surgeons He wall be stimulated to spend some time in the clmical laboratory of the hospital wath 
which he is associated, and to study the micioscopic preparations of the lesions which he encounters at the 
operating table 


In clmical orthopaedic surgery, the candidate wall at first obseiwe, and then take the histones of and 
exaimne patients Then he and the senior member will go over these patients togethei and will discuss the 
agnosis and treatment He wall become proficient in the application of the various conservative measures 
used in orthopaedic surgery and in the successful handling of patients He wall assist m operations, become 
Iful in the use of plaster-of-Pans and braces, and in the after-caie of patients both in the hospital and aftei 
they leave the hospital 

As the young man’s knowledge and ability increase, he wall be given moie responsibility in the care of 
patients and will be perrmtted to perform the simplei types of operations, reduce the less difficult fractures, 
uu to continue the treatment of these patients until the end result has been reached In domg this, he wall 
e It impressed upon him that restoration of noimal function is veiy often the object of his treatment In 
orts to attain this, he wall learn the usefulness and the limitations of physical therapy 
^ chmc is available, he wall be given an opportunity to work in this clinic and, when he is cap- 
5 , ® performing such duties, he wall be assigned to a ward service m the hospital If there is a medical 
, , °uated in his commumty, an effort should be made to have the younger man assist m the instruction of 
for ^ should also be assigned some specific problem for investigation and study and, if he has a bent 
to tt '^**^*ual or laboratory research, this should be encouraged and he should be allow'ed time to devote 
problem He should be encouraged to attend and participate m medical meetings, and should be given 

'heopportumtytodoso 

judgment matures, he should be permitted to make decisions of mci easing giavity and to 
TI for the solution of the more senous problems which are encountered m our specialty 

pedia f ^ regimen, I believe that it is possible to develop a man who, while not a walking encyclo- 

The r science, is a very satisfactory orthopaedic surgeon In fact, it has been done agam and again 

ttcpnf ^ done more frequently' is because both the candidate and the preceptor must be men of 
'■optional character 
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RESULTS OF THE SLTIVEY ON THE REQUIREMENTS FOR BASIC-SCIENCE TRAIMAG 

Bt Francis M McICeever, M D , Los Angeles, California 
The American Board of Orthopaedic Surgery, Inc 


For several j ears The American Board of Orthopaedic Surgery has insisted that, during the thrcMcar 
period of spe-ializcd tr lining in orthopaedic surgerj% time equivalent to six months be devoted to trainini: 
in the basic sciences, the Board has so outlmed its training requirements This can be satisfied bj intcgratinp 
the basic-science training in the three-year period (which is considered preferable) or, in instances where 
instruction in basic sciences is not available, it has been possible to satisfy this requirement by a course of 
SL\ months devoted to the study of the basic sciences 

In order to evaluate this reqmreraent, a poll was made of 500 individuals w^ho had taken one or both 
parts of the examination of The American Board of Orthopaedic Surgery during the years 1946 to 1948 
The following questionnaire w as sent to these 500 individuals 

“DearDoctoi ^ 

The follow mg questionnaiie is sent to you m ordei that The American Board of Orthopaedic 
Surgerj may evaluate its requirement of six months’ resident training in the Basic Sciences It is 
hoped that you will answ er the following questions in the spirit in w hich they are requested, giving 
>our opinion as to the value of this requirement to you and any constructive criticism which you 
may consider pertinent 

If j ou have not completed the examinations, your answ'ers will have absolutely no beanng 
on y our eligibilit 3 '’ 

1 Have you completed Part I exammation? 

2 Have you completed Part II exammation? 

3 How did you meet the Basic Science reqmrement? 

(a) Special course at University? 

Where? 

(b) Integrated with climcal training? 

Where? 

4 If you took a special course in Basic Science, at w^hat time in your resident training period 
did you take it, the end of 1st year, 2nd year, etc? 

5 YTiat benefits did you derive from your Basic Science training'’ 

6 Additional comments 

(Name) 

(Address) 


Of the 330 individuals who had taken both Part I and Part II, 231 replied The questionnaire was also 
sent to 170 who had taken only Part 1, 133 of this group returned the questionnaire A total of 364 question 
naires w ere returned 

The questionnaires of those w ho had taken Part I and Part II, and of those who had taken only Part I, 
w^ere analyzed separateh, as it was felt that the latter group might have a certain reticence in answering 
the questions This, how ever, did not prove to be the case 

Tw entj'-five individuals, or 6 8 per cent of those w’ho replied, disapproved of the basic-science require- 
ment The percentage of those disapproving varied practically none m each group The requirement was 
approved bj 93 2 per cent 


Statistics- 

—Part I Onlx Completed 

Total Number of Questionnaires Sent 


Total Replies Received 


Integrated traming 

59 

Special courses 

46 

Integrated and special courses 

26 

None 

2 


133 


3 Nature of Replies 

Approved plan, with special comment 
Approved plan, wnthout comment 
Disapproved 

4 Subjects Especially Approved 

Anatomy 

Pathologj 

Physiologj 


123 I _93 2% 

9 6 87c 


74 

69 

27 
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Biochtmistrj 11 

Bacteriology 2 

5 Special Courses 

Location No Attending 

Columbm Umvcrsitj S Ui 

Northwestern University fi A1 

Pennsylvnnm Univcisity 4 111 

low a University 3 01 

Washington University 2 Ui 

Kansas University 2 Ui 

University of Buffito 2 Ui 

Wisconsin University 2 M 

Univeisity of Mintu sots 2 Cc 

Tulane Universiii 1 K( 

Oregon University I 

6 Approved Integrated Plan of Training 

Those w ho had had integrated coursi 

Those w ho had had special courses 

Those w ho had had both types of basic-science training 


Location ho Attending 

Uniy'crsity of California 1 

Alabama Univeisity 1 

Illinois University 1 

Ohio State Univeisity 1 

University' of Colorado 1 

University of Tc\iis 1 

University of Toronto 1 

Marquette University 1 

College of Medical Evangelists 1 

Kennedy' Veterans Administration 

Hospital 1 


Approved Separate Course 

Those who had had special courses 3 

Those w ho had had both types of training 1 

(The reason expressed m the questionnaires for such approval was the “relief from the care of patients” ) 
Special Opinions 

One y'ear of general medicine w as advised by' one man 

Two individuals felt that basic science should not start until after one y'ear of clinical work 


Statistics — Part I and Part II Completed 

1 Total Number of Questionnaires Sent 

2 Total Replies Received 

Integrated training 181 

Special courses 38 

No basic-sciences courses 12 


3 Nature of Replies 

Approved plan, with special comment 
Approved plan, without comment 
Disapproved plan 
I Subjects Especially Approved 
Anatomy 
Pathology 
Physiology 
Biochemistry 
Bactenology 
Pharmacology 
^ Special Courses 

Location A'’o At 

low a University ] 

Northwestern Umvereity 
Columbia Umversity 
Tulane Uniy'ersity 
Southwestern Umversity 
Pennsy Ivania University 
McGill University 
^ Baylor Umversity 
• Approved Integrated Plan of Training 

ose who had had integrated training 
ose who had had separate courses 
ihose who had had some of both types 


[ -23% 
7% 


No Attending 
11 
7 
3 
3 
2 
1 
1 
] 


Location No Attending 

New' York University 1 

Temple University 1 

University of Chicago 1 

Wisconsin University 1 

Maiquette Universitv 1 

Howard University 1 

College of Medical Evangelists 1 

Germany 1 


^ y No 4 octoder 
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7 ipproied Separate Course 

Those i\ho had had separate course 
Those who had had integrated course 
S Special Opimow^ 

Ten expressed opinions that basic sciences should not be commenced until after one >enr or more of 
clinical training It was felt that candidates would then be bettei onented 
Tno beheaed general pathology was overemphasized 
One beheaed training m neuiology desirable 
One beheaed training m general medicine desirable 

The folloanng conclusions seem justified from this survej^ 

1 The basic-science requirement should be continued 

2 Clmical residencies should not be accredited for basic-science training unless they present eaadeuct 
of personnel, equipment, and time allocation for the adequate teaclnng of anatomy and pathology, and show 
evidence of an affiliation for the proper instruction m physiology and biochemistry by qualified personnel 

3 Basic-science courses m a fea\ teaching centers should be encouraged to continue, in order to supple- 
ment and round out the training of those mdmduals nho do their climcal work in places inadequate for 
proper basic-science traming In this way, no climcal facilities will be wasted 

4 Basic-science courses n hich are given as a separate period of instruction should be so organized tint 
the students are kept in some contact nith clinical work during their mstruction in the basic sciences This 
iiught be accomplished by ha%'ing the students m basic science attend rounds tmee n eekly or serve a pirt- 
time clerkship on orthopaedic services m hospitals durmg their period of basic-science traming 

XoTE Unfortunateh’’ the comments of those filling out the questionnaires cannot be included here, due 
to lack of space 


THE AMERICAN COLLEGE OF SURGEONS 
Training in Surgert and the Surgical Specialties 


By Philip D Wilson, M D , New York, N Y 
Hospital for Special Surgery 


The interest of the American College of Surgeons in graduate traming m surgery and the surgical special 
ties is a natural outgrov th of one of the pimcipal purposes for which it v as founded, — ^namely, the delation 
of the standards of surgical practice m the Umted States and Canada Committees of the College began the 
stud}’' and discu^-'ion of different plans of surgical trainmg as early as 1930 In 1936, the Board of Regents 
passed a resolution, lequiring that applicants for felloivship in the College, nho had received their qualifjmg 
medical degieis betiieen the years of 1938 and 1944, should present evidence of havmg completed tircc 
years of hospital service following graduation, of which two years should have been spent in training m sur 


gerj or the sutgital specialties 

There na-- i fuithei elevation of the requirements foi admission to fellowship in the College in ^ 
when the Boaul ot Regents adopted a resolution requiring four years of hospital service for applicants w 
had giaduated iiom medical school aftei 1945, of which three years should have been spent m training 
surgeiy or the surgical specialties in hospitals approved by the College and in such study of the basic 
sciences as miglit be considered necessary In October 1948, the requirements for training m genera surge 
were raised to torn \eais following inteinship gurciri 

YTien the C ollege, in 1936, decided that it must approve the facilities of a hospital for 
or the surgical specialties, it became necessary to add inspection of the educational actmties of “j 
to the investigation pn tously carried on to ascertam whether the hospital should be approved as c 
with the program m mimmal standards „ cstale 

In 1937, by action of the Board of Regents, a Committee on Graduate Training in jh 

lished, to which w ere ippomted general surgeons and representatives of all of the surgical spec 
Committee was gn en the task of mvestigatmg and evaluatmg the opportumties for pf tliaf 

and the surgical specialties m all of the hospitals in the Umted States and Canada As a me ^ jcnou-'' 
Committee since Its begmmng, I tan testify that its members have taken their b} tl*'’ 

and have worked hard m revi mg and passing on the reports of traming programs, su 
full-time field investigators T College has been fortunate m secunng, on a shortrtime 
of several j oung surgeons w 1 nave themselves recentlj completed training pcrfunclo'' 

famdiar vnth the requirements lor good traming programs Their mvestigations have no 
mquines mto form, but ha\ e penetrated deepl}' into content as well Education 

In order to avoid the necessity of frequent meetings of the Committee, the Direc or 

„ rnivT “rp'-rs' 

the journal of bont and 
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'"'"S in orthopaedic surgerj. fif(j-s.v programs ... mv.I hoop,, .U , ,d r. <■ 

proval InTddi^ol a coniablo number of Govcr.u«ent-<>peral< d J-pUals «. ro ; ’ 

2ograms, including five by the United States Armj, one bj Ihc U.ntid S s 1 .ibl.r 

bytheUnitedStatesNavy, and te\cutj-si\ by the Veterans Ad.nimMra, .0.1 

There IS one particular feature of the College program of , lah.atmg gradnab -Irai.nng ph, .« ubu 1. 1 ! 

to be emphasized, and vshich explains iihi the number of orthops, die programs ulueh h ,i . bw „ „vi' o -I 

by the College IS smaller than that approved bj the Aiiicriem Mulled AsMiimlion 1 1>< (‘dl«g- m-.. ^ 

for approval, a fully coordinated tlirce-ycnr training program ahmiUl la earn. <1 on, i la ( ommitt'^ «'.» 

Graduate Traimng feels that programs of one or two years uinnot lead to pmg. 0 ^ 1 - 1 %, mi r, lu of r. hjK.mibilit 

on the part of the resident, in keeping inth the mcria'-e in Iuk i \pi nenee and 1 nov h ilgi , md . 1^0 ih it Mu - 
leave the resident in doubt as to obtaining the additional period of I r lining that he m i\ n quiri I ittlh- r 
more, hospitals that offer training for periods of loss Minn thru ytirAi in giiiiiilK not fiinetiomug in ilhli t 
tion wath a medical school or a medical center, or they wouhl lia\i heen able to work out a roord.n P* d 
three-year program in cooperation with other liospdals Generally "-pi aking, ,-U( h ho'-pii ib do no, h i\ i wi 11- 
organized departments and the teaming facilities are not so good as tlicy Khnuhi bi 

From tins statement it can also be seen that many more hospit ib hnie bis n appn.ud for iirilmp nsln 
.rammg than the fifty-SL\ mentioned, because many of them hue roord.n itul progrim‘- with otbi r h",- 
pitals It IS the feeling of the Conimitlccon Graduate Training tint it i« 1 idler to withhold ipproial of ‘•hori 
training programs and to encourage these hospitals either to work out cnordin iPal thn e-\ e ir progr in.,- nr 
to devote their educational activities to general instead of to specially tr lining 

The reports on training programs in orthopaedic surgery which art sent in by tin fn hi iiui sUg Uoi- now 
include an analysis of the resident’s experience, both w.tli re sped to ilmiuil mitirml and O])erjition', in 
each of three major divisions — namely, pediatncs, surgery , and ‘iduU orUioji ledies iiid fnu tun s— n w < 11 
as m the study of the basic medical sciences In addition, the reports include such statistic il in vti ri il on 
special work with pohomy'ehtis, club-foot, cerebral palsy, and scoliosis is nuy be obt mud 'llus i%pe of 
comprehensive report gives a clear picture of the work being done and makes the 1 uk of cMiluiition furls 
easy 

IlTiat IS most needed now is up-to-date factual matcnal walh respect to each of Ibe ajiiirou d training 
programs m the various hospitals This information should be available foi the benefit of prosjua luc ri m- 
dents, as well as for the American College of Surgeons, the American Medical Association, and the Sju ei ilt\ 
Boards To obtam such matenal, annual follow-up inspections nic required, to report on changes that in 
mde in the various programs and how they are working out Both the Amcncan Medical Association and 
e tAOhege of Surgeons are engaged m these investigative activities, with some duplication of each other's 
maces A pooling of their efforts is greatly to be desired, leading to more effectual and coinprebcnsu e niimml 
cneck-ups on these teaming programs Above all, agreement should be reached between these two great 
grit m approving and disappioving training pro- 


THE AMERICAN MEDICAL ASSOCIATION AND SPECIALTY TRAINING 
Bi F H Arestad, M D , Chicago, Ilunois 
Counal on MeAcal Education and Hospitah, Amencan Mcdxcal AsMwn 

•« Mcdicl Education aiid*Hii8pitob\'!rf’ 1^112 sponsored iom% by tlio Coun- 
- ssd „ no,, .doc ..y, 

1 \ XO 4 OCTOBER 1949 



yio 


CO^I^nTTt-I- OK POST-GRADUATL TKAINIKG 


of Medicine, Cornell Lnnersiu Medical College, and Director of Postgndintc Instruction of tin Pccond 
fConiellj Dmsioii, Belleiue Hospital, Ne« York Citj This comprehensive studj, uliicli mil extend oiem 
period of three tears, mil be conducted under the supervision and guidance of the Sunej Comnnttcc on 
Medical Education, consisting of the following members 

Man Valentine, Litt D , Chau man, President of the Umversit} of Rochester 
Dr ■krthur C Bachmejer, Associate Dean, Umversitj of Chicago School of Medicine 
Dr Herman G Weiskotten, Dean of Sj’racuse Umversitj College of Medicine 
Dr Joseph C Hmsej, Dean of Coinell Unixmrsitj Medical College 
Dr Victor Johnson, Directoi of Majo Foundation foi Medical Education and Reseaich 
JDr Dean F Smilej% Secietarj of the Association of Amencan Medical Colleges 
Dr Donald G Andeison, Secietaij of the Council on Medical Education and Hospitals, Aininim 
Medical Association 

The Committee his stated that the objectives of the studj' are “to evaluate the present programs mid 
deternune the future responsibilities of medical education in the broadest aspect for the purpose of (li 
improxnng medical education to better meet the over-all needs of the Amencan people for the prevention of 
disease, the restoration as far as possible to health of all those n ho suffer illness or injurj', and the mam 
tenance of the best standards of phj'sical and mental health of all the people, (2) assessing the degree to 
which medical schools are meeting the needs of the countrj' for phjsicians, (3) promoting the advancement 
of knowledge in the field of medical science, and (4) better informing the public concerning the nature, con 
tent, and purpose of medical education” 

From the nature and scope of the p-osent sjrvcj', it is safe to predict that changes in the educational 
patterns wall result in all of the majoi fields cf medical education The advancement of scientific knoi 'edge 
and the changing conditicrs i f m.ed’cal piactice have brought into sharp focus a number cf subjects which 
wall require an adequate place m the medical curriculum Included m this group is the subject cf nuclear 
energj' and its application to medical practice and research Phj'sical medicine and rehabilitation wall al'i 
command the attention cf medical e Jucatois, in view of the increased span of life and the associated problcii i 
of chronic and degererativc disease Social and economic factors must likewise be taken into considcraticn 
in fata-o planning , as well as row concepts m lelation to mental health, nutrition, prexentne medicine, ami 
other sibjocts It n r j also Lc "nticiralcd that, in future jears, the basic medical sciences wnll be more 
closely integrated with clincal n cditire ai d that the posit on cf the internship wnll be more clearlj defined 
in its lelationsup to the clinical c’erksnip, residcncj' training, and general practice In view of the inter 
relationship and interdependence cf the vanous components cf m/cdical education, we maj' also look forward 


to furthei changes m premcdita! education and in the graduate and post-graduate fields 

Since the meeting cf j our Association in Quebec, the Council on Medical Education and Hospitals ha*- 
revised the Essentials of an Approved Interns up and the Essontia’s of Approved Residencies and Fellow 
s’ups The latter will, within a siort time, undergo further revision, however, in order to incorporate tin 
changes that have rcecntlj occu-red with the establishment of the American Board of Proctologj and tin 
expansion of phj s cal medicine into the broader field cf Plij^Sical Medicine and Rehabilitation An American 
Board has a’so been estabhsoed m Prox'cntix'o Medicine and Public Health, thus increasing to eighteen t u 


number of cc'tifj ng boards a'op"ox'ed bj' the Medical Council on Education and Hospitals 

The generol, oi mixed, rcsidencj classi ication, previoaslj included in the standards forrcsidencj tram 
mg, has been discontinued, and n its place the Council has adopted specific requirements for rcsidcncic m 
general practice Thes. are designed to meet the needs of medical graduates intending to enter gcncni pm ^ 
tice, and saould preferablj be oigamzod as two-jmar programs, offenng broad expenence and training m 
major fields of internal medicine, general s argerj', obstetrics, pediatncs, and the ancillarj' services o pa 
ogj , radiologj', and anacsthesiologj' It is not anticipated that residencies in general practice s lou ( '< 
cepted as fulfilling anj cf the requirements foi specialtj certification To do so would defeat t e main 
pose of this program, w hioh is to increase the number of w ell-trained general practitionere in im to 
and to induce more and more of the j'oung phjsicians to enter the general practice of me mine 
The plan foi the tempoiarj appioxal of lesidencies in specialties, adopted as an 
to meet the increased postwar demand for itsidencj tiaining, has been discontinued bj 
Council on Medical Education uid Hospitals and the Advisorj Board of Medical Specie ties i ^ 

approx'ed on a temjiorai \ basis, as w ell as othei educational services that have not een , 

last two jears, are now being ex aluated bj the inspection staff of the Council and a ^ j pf jgjo 

regional inspectors This surx ex has progi es^ed rapidlj , and wall P™bablj be comp e J 

To supplement the program of hospital inspection, the Amencan Board of ^ an i 

X further survex of radiological lesidcncies, in cooperation xnth the Count! 4 ,,pcuncx ofortf- 

Hospitals The pattern for this txpe of studx hasalrcadx been established in t jion ,nd Ti 

paedic residenck conducted in 1947 bj the Council. The Amencan Orthopaedic Ac.ociat.on, 

Amencan Academx of Orthopaedic Surgeons ,n the dex elopmi-n* ^ 

l“l ,0 aeld o! sp»alh tra.nmg, . c 8nd .. <l.o pre t.mo an .n.rcaamg mtocs. .» th. d. , 

topd” I afRl..t.on. Th. .™d .. cspccnlh app m»> ■» ^ 
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COMMITTEE ON POST-GRADUATE TRAINING 


The measunng and fitting of braces is too often left to the brace man The young resident should h 
familiar with braces and their application Dr Thomas has stated that the relationship of the orthopaedic 
surgeon to the brace-maker should be as that of the architect to the bmlder This is well expressed I bclicK 
that on most semces insufficient attention is given to instructing the resident in braces A good knouledgi 
of braces is important m dealmg with all orthopaedic conditions, especiall}' in the care of patients inth 
cerebral palsj and infantile paralysis 

Dr Smith has mentioned attendmg bone-tumor dunes Fen places aie able to send their men to i 
Memorial Hospital, but still there are fen mstitutions which do not have a tumor clinic in the ncinity nhich 
the orthopaedic residents could attend Even if very little of the work in these clinics concerns orthopaedic 
tumors, the experience will be of distmet benefit I like particularly n hat Dr Smith has said about instnie- 
tion in the technique and the positionmg of patients for roentgenograms This is something nhich fen rc'i 
dents are taught, and there is certamly nothing more discouragmg m the practice of orthopaedic surgen 
than poor roentgenograms, taken m the nTong position or at the nrong angle Planned and scheduled con 
ferences with the roentgenologist have been mentioned bj’’ several speakeis, and should be a regular featuri 
in all trammg programs 

I do not think that too much attention can be paid to teaching the residents hov to speak iihilc on tlicir 
feet, as mentioned by Dr Badgley, and the practical handling of patients — so important m private practice— 
as mentioned by Dr Speed Fen semces give special attention to these points The correct method and form 
for the writing of papers should be included in the traimng Each resident should be required to prepare 
a paper for publication dunng lus training Research problems should be encouraged, but not required 
For some residents it will prove a great stimulus to later achievement, for others it will be lost tim'' The 
chief-of-semce should evaluate as far as possible the investigative abilities of his resident staff and plan 
accordingl}" Ever}' semee should lequire of the residents journal reading and preparation of a certain num- 
ber of journal abstracts, and there should be regular joumal-club meetings In these conferences orthopncdic 
history' should be mcluded, as mentioned by Dr Simth 

Before closmg, a word should be said concernmg the Government semces When the Veterans, Arm} , 
and Nai'j' applied several years ago for approval of their newdj' established iesident<-training programs, it 
certamlj'- was the belief of some of us that they would have great difficulty to develop semces comparable 
to those of civilian mstitutions What you have heard today from Dr Street of the ^''eterans. Colonel Thomp- 
son of the Army, and Captam Barr of the Navy should allaj’’ all fears concernmg the excellence of the training 
They are not only measunng up to the standards of civilian trammg, but are givmg a great deal more framing 
in many fields, such as rehabilitation and the care of the paraplegic, than is being given m civilian institutions 
The supen'ision of the work, with its volume and vanety, is certamly adequate for good training Tins in 
formation is most gratifying to those of us who have worked closely with the Suigeon Generals of the rmi 
and Navy and the Chief Medical Director of the Veteians Admmistration dunng the last several 

These are only a few of the pertinent facts from the discussions, as your Chairman sees them n or 
tunately, time does not permit elaboratmg further As stated, no attempt should ever be made to stan nr iie 
a pattern of trammg, but it is hoped that out of this- Conference will come an improved method o 
for every orthopaedic semee engaged m the dexmlopment and education of our orthopaedic surgeon 
the future 
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Bosworth and Walter P Gruil ' 

Subluxation, Congcnit il, ind Congcnit il Disloc ilioii, Rehtionslup between Congenital Displ" 
the Hip Joint Veinon L Halt 

[Subluxation ] Etiologx of Congcnit il Disloe ilion of the llij) Carl L Bulglcw 
[Subluxation ] Injuucs of the I/itei il Ligaments of the Ankle A Clmiril and Lviierimcnt il t j 
Morton II Leonard j 

[Substitution, Creeping] Avascul u \'o(lOsl^ of Luge 'segment il hi ii turn Fiagniciits of th' 
Bones Edwaid L Compel t ! 

[Substitution, Creeping ]Ticatmont of the Ntciotu Head of the Femur in Adults Dalles P P t 
Subtrochanteric Limb Shortening, A Method of Lawson Thornton 
[Subtrochanteric Osteotomy ] Congcnit il Coxa Vaia Frink Shaleen Babb, R dph Ix^ 

Carl C Chattel ton , oiyjb 

[Subtrochanteric Osteotomy ] Slipping of the Lqipei Ft moial Epiplnsi- M Beikctt Ilc^r^ 
Successful Prosthesis foi Sacio-lli ic Disaiticulation (lIcmi])ehectoim), A Robei t -A AVi-'C 
Supinate or P'onate the Hand, Spiing Siihnt to Stoiling Bunnell , 

Support, A Lumbosacial Rex Tj Divelcv j ' 

Supracondylar Region of the Fcmiii , Blade-Plate Fixation in Non-Liiion and m Complicate r 
of the Alfoiis R Altenbcig and Ridiaid L bhoikcx , 

[Supracondylar Traction ] The Use of Skeletal Ti act ion in the Tic itinont of Fiactuies o e 

Edw arcl M Winant ^ -;\.nierici 

Surgery, Orthopaedic, What Is/ Speuali/atioii m Mediiini [Picsidential Address, j 

Oithopacdic Association ] Ralph K GhoimIc 3 frnnkl 

Surgery, Reconstructive, Amputations foi rniliii e in Ah m Hulnitk, Ch irles HigH'uith) ) 

Boutin 

Surgical Approach to the Vcitebi 111 Bodj Aithui A Michele and Fiedenck J ti jg,, llngc' 

Surgical Approaches to the Shouldoi Joint LcRox C Abbott, John B deC M Saunders, 
and Ellis AV Jones, Jr 

Surgical Engine, Adapta^!^(:^^^^-piJof^||jijf(|f^55l7aifp 


nil lOl'IlNAI 


or noM 


jOlxT SI, 



— ^«T^cT 


*Tb^ Science of Medicine is fathomless 
like the sea and can not be exhaustive- 
ly narrated in thousands of couplets’ 


-SUSHrUT SAMHITA 



